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10. A method of preparing a frozen product of an iron-containing protein composition solution comprising the step of 
freezing the iron-containing protein composition solution including a sugar compound of claim 9. 

11. A method of preparing a liquid composition comprising the step of thawing a frozen product obtained by the method 
5 of Claim 1 O. 

12. A method of preparing a powder comprising the step of drying of the iron-containing protein composition solution 
of Claim 1. 

10 13. A method of preparing a powder comprising the step of drying of the iron-containing protein composition solution 
of Claim 2. 

14. A method of preparing a powder comprising the step of drying the liquid composition of Claim 4. 
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(54) An improved process for making a cheese product using transglutaminase 

(57) The current invention provides an improved 

process for making a cheese product using transglutam­
inase. The method comprises the steps of providing a 
dairy liquid, crosslinking and curding the dairy liquid by 
adding an acidifying agent and a transglutaminase to 
the dairy liquid under conditions sufficient to crosslink at 
least a portion of proteins in the dairy liquid to provide 
both a curd comprising a crosslinked dairy liquid and a 

liquid whey, cutting and cooking the curd, separating the 
curd from the liquid whey, and collecting the curd. Many 
specific embodiments are provided. Additionally, the 
current invention provides a product made by the proc­
ess. The cheese products, especially soft cheeses such 
cream cheese and cottage cheese, exhibit less syner­
esis than similar cheeses prepared by conventional 
methods. 

Dairy 
Liquid 

Transglutaminase 1-----, 
Lactic Acid ..----I 

Culture 

Incubation 

Cut & Cook 

Figure 1 

Cheese 

Printed by Jouve, 75001 PARIS (FR) 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 361 of 3341

EP 1 254 601 A1 

Description 

FIELD OF THE INVENTION 

5 [0001] The invention relates to the production of cheese, especially cream cheese and cottage cheese. More spe­

cifically, the invention relates to methods for increasing dairy protein incorporation into curd during cheese production 

using transglutaminase. This invention also relates to methods for reducing syneresis in cheese products, especially 
cream cheese and cottage cheese, using transglutaminase. 

10 BACKGROUND 

[0002] Cheese compositions are generally prepared from dairy liquids by processes that include treating the liquid 

with a coagulating or clotting agent. The coagulating agent may be a curding enzyme, an acid, or a suitable bacterial 

culture. The coagulum or curd that results generally incorporates transformed casein, fats including natural butter fat, 
15 and flavorings (especially those arising when bacterial cultures are used). The curd is usually separated from the whey. 

The resulting liquid whey generally contains soluble proteins not affected by the coagulation; such proteins are, of 
course, not incorporated into the coagulum. The inability of whey proteins to be retained in the coagulum is an important 

factor contributing to a lack of efficiency in production of cheese curds, and to a reduction in overall yield relating to 

the incorporation of protein solids present in the starting dairy liquids into resulting cheese curds. Therefore, there 
20 remains a need for effective methods of improving the efficiency of protein incorporation into curd during cheese pro­

duction. 
[0003] Soft cheeses such as cream cheese and cottage cheese products usually suffer water separation during 
storage due to the process of syneresis. The resulting acid whey (i.e., separated water phase), although it contains 
substantial amounts of dairy proteins, cannot be efficiently utilized. Moreover, consumers generally find such water 

25 separation objectionable. Therefore, there remains a need for improved methods for producing soft cheeses wherein 

syneresis is reduced. 
[0004] Transglutaminases are enzymes which catalyze the crosslinking of proteins. These enzymes have a broad 
occurrence in nature and may be obtained, for example, from microorganisms such as those belonging to the genus 

Streptoverticillium or from Bacillus subtilis, from various Actinomycetes and Myxomycetes, from fish and other marine 
30 sources, from plant sources, and from animal sources (especially mammals). Food processing methods employing 

transglutaminases have been disclosed in recent years. For example, Japanese Patent 59059151 discloses treating 

an emulsion containing proteins, oils or fats, and water with transglutaminase to produce a gelatinous, cross linked gel. 
Japanese Patent 02276541 discloses a heat-resistant food protein having a fibrous texture. The fibrous texture is 
developed by treatment of a protein hydrogel with a transglutaminase in the presence of calcium ions to induce 

35 crosslinking of the surface of a fiber bundle. 

[0005] U.S. Patent 5,156,956 discloses a transglutaminase purified from strains of the genus Streptoverticillium, and 

the use of this enzyme to produce gel type foods. This transglutaminase catalyzes formation of protein gelation products 
from protein solutions to produce conventional gel foodstuffs such as yoghurt, jelly, cheese, gel cosmetics, and the like. 
[0006] U.S. Patent 5,731,183 discloses a transglutaminase purified from strains of Bacillus subtilis, having particular 

40 physical and enzymatic characteristics, and a method for producing protein, peptide, or non-protein amino acid poly­

mers that are crosslinked via their glutamine and lysine residues to form intermolecular or intramolecular conjugates. 
The crosslinked protein polymers produced using transglutaminase are reported to be useful in a variety of food sub­

stances. 

[0007] Methods have been proposed for increasing the recovery of whey protein into cheese products using trans-
45 glutaminase. For example, U.S. Patent 6,093,424 relates to treatment of a dairy liquid such as milk with transglutam­

inase and a non-rennet protease to generate cheese curd for hard, soft, or semi-soft cheeses. 

[0008] U.S. Patent 5,681,598 and its European counterpart EP 0 711 504 A1 disclose a process for producing cheese 
using transglutaminase added at the same time as both a clotting enzyme and a lactic-acid producing culture, and the 

milk is then incubated. 
50 [0009] Patent publication WO 97/01961 discloses a method for producing cheese using transglutaminase. Trans­

glutaminase is added to milk, followed by a short incubation period, after which a clotting enzyme or curding agent is 
added to the milk to produce curd. 
[0010] The current invention provides processes for producing cheeses that improve the efficiency of dairy protein 

incorporation into cheese curd during production. Additionally, the cheeses produced using the process have improved 
55 qualities, including decreased syneresis. 
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SUMMARY OF THE INVENTION 

[0011] The current invention provides processes for cheese manufacturing that significantly increase the yield of 
cheese produced by using the enzyme transglutaminase and an acidifying step to crosslink dairy proteins during cheese 

5 manufacturing. The cheese products are less fragile and have reduced syneresis. Additionally, the cheese products 

have greater viscosity and firm texture. 

[0012] In one aspect, the current invention provides a process for making a cheese product comprising: 

(i) providing a dairy liquid comprising dairy proteins; 
10 (ii) crosslinking and curding the dairy liquid by adding an acidifying agent and adding a transglutaminase to the 

dairy liquid for a crosslinking and curding time, and under crosslinking and curding conditions, sufficient to crosslink 
at least a portion of the dairy proteins and to form a curd and a liquid whey; 

(iii) disrupting and heating the curd; 

(iv) separating the curd from the liquid whey: and 
15 (v) collecting the curd. 

[0013] Typically, a coagulating enzyme is not added during step (ii). In certain embodiments, a coagulating enzyme 
is not added during any step of the process. The dairy liquid may be pasteurized. 

[0014] In certain embodiments, transglutaminase is used in step (ii) at concentrations of less than 1 0 units per gram 
20 dairy liquid, preferably less than 5 units per gram, more preferably less than 1 unit per gram. In certain embodiments, 

transglutaminase is used at a concentration of about 0.4 to about 0.8 units per gram dairy liquid. 
[0015] In one embodiment, the addition of the acidifying agent during step (ii) is performed before the addition of 
transglutaminase. In a further embodiment, the process further comprises heating the crosslinked dairy liquid at a 
temperature and for a time sufficient to inactivate the transglutaminase after step (ii) and before step (iii). 

25 [0016] In certain embodiments, the acidifying agent is a culture containing a lactic acid-producing microbe. In one 

embodiment using a lactic acid-producing microbe, the resulting pH of the dairy liquid is about 4.2 to about 5.2, pref­
erably about 4.4 to about 4.8, and most preferably about 4.5 to about 4.7. 
[0017] In certain embodiments, the acidifying agent is a food grade acid. In one embodiment, the food grade acid is 

selected from the group consisting of citric acid, lactic acid, glucono delta lactone, phosphoric acid, acetic acid or 
30 vinegar, and the like. 

[0018] In certain embodiments, the dairy liquid comprises dairy ingredients selected from milk, reconstituted dry milk, 

concentrated milk, milk protein concentrate, whey, reconstituted whey, whey protein concentrate, and cream. 
[0019] In certain embodiments, the dairy liquid comprises cream and a dairy ingredient selected from the group 
consisting of milk, reconstituted dry milk, concentrated milk, milk protein concentrate, whey, reconstituted whey, and 

35 whey protein concentrate. For these embodiments, the cheese is typically cream cheese. In one embodiment where 

the cheese is cream cheese, the cooking in step (iv) is performed by heating the curd and whey to about 80°C for 

about 30 minutes. 
[0020] In certain embodiments, the dairy liquid is skim milk, concentrated skim milk, reconstituted nonfat dry milk, 
whey protein, or milk protein concentrate. Typically, where the dairy liquid is skim milk, the resulting cheese is cottage 

40 cheese. In one embodiment where the dairy liquid is skim milk. the cooking in step (iv) is performed by increasing the 

temperature of the curd and whey from about 30 to about 60°G over a period of about 15 to about 150 minutes, and 
more preferably over a period of about 60 minutes. Typically, where the resulting cheese is cottage cheese, the 

crosslinking and curding time is from about 1 hour to about 14 hours and the crosslinking and curding conditions include 

a temperature of about 15 to about 55°G, preferably from about 3 hours to about 6 hours at a temperature of about 30 
45 to about 34°G, more preferably at about 32°G. 

[0021] Typically, where the resulting cheese is cream cheese, the crosslinking and curding time is from about 1 hour 

to about 24 hours and the crosslinking and curding conditions include temperatures of about 18 to about 50°G, pref­
erably from about 15 hours to about 19 hours at a temperature of about 22 to about 28°G. In one embodiment, the 

crosslinking and curding is carried out for about 17 hours at a temperature of about 25°G. 
50 [0022] In significant embodiments of the process of the present invention, the transglutaminase is isolated from a 

bacterial source, a fungus, a mold, a fish, or a mammal. In one preferred embodiment, the transglutaminase is isolated 
from a bacterial source, preferably from the genus Streptoverticillium. Mixtures of transglutaminase from different sourc­
es can be used. 

[0023] The processes of the current invention for making cream cheese products may include an additional homog-
55 enization step after the curd is collected. The homogenization may be carried out at pressures of up to about 10000 

psi (about 68948 kPa), preferably up to about 3500 psi (about 24132 kPa), and most preferably up to about 5000 psi 
(about 34474 kPa). 

[0024] In another aspect, the current invention is a cheese product produced by a process as described above, 
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including any of the embodiments described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0025] Figure 1 is a flow diagram illustrating the general process of the current invention. 

[0026] Figure 2 is a more detailed flow diagram illustrating the preparation of cream cheese using the process of 

this invention. 
[0027] Figure 3 is a more detailed flow diagram illustrating the preparation of cottage cheese using the process of 
this invention. 

10 [0028] Figure 4 is a Coomassie-stained 16.5% Tricine-SDS PAGE gel of samples obtained during the production of 

a cottage cheese curd according to Example 3. Lane 1: curd recovered from the transglutaminase-treated milk sample; 
Lane 2: whey recovered from the transglutaminase-treated milk sample; Lane 3: curd recovered from the control sam­

ple; Lane 4: whey recovered from the control sample. Whey and curd samples were loaded with the same quantity of 

whey and curd, respectively. 
15 [0029] Figure 5 is a graph of the percent concentration of proteins in whey as a function of the final concentration of 

transglutaminase in milk used in the process according to Example 1. 
[0030] Figure 6 contains electron micrographs of cottage cheese curd produced by the method of this invention 

according to Example 3. Panels A and B illustrate the cottage cheese edge produced with transglutaminase (A) and 

withouttransglutaminase (B). Panels C and D illustrate the cottage cheese curd body produced with transglutaminase 
20 (C) and without transglutaminase (D). 

[0031] Figure 7 is a graph of cream cheese viscosity (Pa) at various pressures of post-curd formation homogenization 
for samples produced by the process of this invention according to Example 5 using a transglutaminase addition step; 
a control sample without transglutaminase is also shown. 
[0032] Figure 8 is a graph of percent syneresis at various post curd formation homogenization pressures for cream 

25 cheese samples produced by the processof this invention according to Example 5 using a transglutaminase addition 

step; a control sample without transglutaminase is also shown. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 [0033] The general process of this invention is illustrated in Figure 1. The starting material is a dairy liquid which 

may or may not be pasteurized. As used herein, "dairy liquid" refers to milk, milk products obtained by fractionating 

raw milk to provide a liquid fraction, or a solid milk fraction that is reconstituted to a liquid. For example, the milk may 
be treated to remove some or all of the butterfat providing low fat milk or skim milk, respectively. Furthermore, whole 
milk, low fat milk, or skim milk may be concentrated by methods such as evaporation and/or ultrafiltration (with or 

35 without diafiltration) and the like. Evaporation provides dairy liquids containing a higher concentration of all the non­

volatile components, whereas ultrafiltration provides dairy liquids with a higher concentration of the components that 

do not permeate the ultrafiltration membrane. In any case, the dairy proteins including casein and whey protein are 
included among the retained solids, such that their concentrations in the resulting liquids are increased. Furthermore, 
any of the above dairy liquids may be evaporated to dryness, providing milk solids originating from whole milk, low fat 

40 milk, or skim milk, and including casein, whey proteins, and lactose. Any of these solids may be reconstituted by the 

addition of water or a suitable aqueous composition including milk or a milk fraction. Reconstitution of dry milk thus 
provides dairy liquids that in general may have a broad range of final concentrations of the component proteins, lactose, 

butterfat, and other components. All the above liquids are included in the designation of "dairy liquids" as used herein. 

[0034] The dairy liquids employed in the present invention may originate from any lactating livestock animal whose 
45 milk is useful as a source of human food. Such livestock animals include, by way of nonlimiting example, cows, buffalo, 

other ruminants, goats, sheep, and the like. Generally, however, cows' milk is the preferred dairy liquid used in the 

practice of the invention. 
[0035] As used herein, "casein" relates to any, or all, of the phosphoproteins in milk, and to mixtures of any of them. 

An important characteristic of casein is that it forms micelles in naturally occurring milk and in the dairy liquids employed 
50 in the present invention. Many casein components have been identified, including, but not limited to, a-casein (including 

a81 casein and a82 casein), ~-casein. K-casein, and their genetic variants. 
[0036] As used herein, "whey protein" relates to the proteins contained in the dairy liquid (i.e., whey) obtained as a 
supernatant of the curds when milk or a dairy liquid containing milk components are curded to produce a cheese­

making curd as a semisolid. Whey protein is generally understood to include the globular proteins ~-lactoglobulin and 
55 a-lactalbumin. It also includes significantly lower concentrations of immunoglobulin, other globulins, and trace amounts 

of caseins depending on the process of curding and/or whey separation. 
[0037] The present invention is especially adapted for, but not limited to, the production of cream cheese and cottage 

cheese. The dairy liquids used for a given process of the current invention are typically chosen based on the type of 
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cheese product desired. For example, cream-added dairy liquid is used in the manufacture of cream cheese to balance 
and/or obtain target compositions in the final product which may be full-fat, fat-free, light, or reduced-fat cream cheese 

or Neufchatel. A detailed process flowchart illustrating the production of cream cheese using the present invention is 
shown in Figure 2. As is known in the art, the cream-added dairy liquid for the production of cream cheese products 

5 normally has a butterfat content of from less than about 1 up to about 14 percent (and in certain cases up to as much 

as 20 percent), so that after processing, the finished cream cheese product will have a butterfat content of from less 

than about 1 up to about 35 percent (and in certain procedures. such as wheyless procedures, up to as much as 38 
percent). 
[0038] A detailed process flowchart illustrating the production of cottage cheese using the present invention is shown 

10 in Figure 3. For the production of such a cottage cheese product, dairy liquids are usually chosen from skim milk, skim 

milk concentrate, and reconstituted non-fat dry milk. 
[0039] For certain embodiments, such as, but not limited to, the production of cream cheese, the dairy liquid is 

typically homogenized. Homogenization methods are well known in the food sciences. Any homogenization method 

that can be used to homogenize dairy liquids before processing into a cheese product can be used with the current 
15 invention. For example, but not intended to be limiting, cream-added milk for the production of cream cheese can be 

homogenized in a two-stage homogenizer. Preferably, the first stage is operated at a pressure of about 1000 psi (about 

6895 kPa) to about 10000 psi (about 68948 kPa) and the second stage at about 1 00 psi (about 689 kPa) to about 1000 
psi (about 68948 kPa). 

[0040] A "pasteurized dairy liquid" is a dairy liquid that has been subjected to pasteurization. The process of pas-
20 teurization is well known in the art of food sciences. Pasteurization may or may not be applied in the current invention. 

Any method for pasteurization can be used for the current invention. For example, but not intended to be limiting, 
pasteurization of dairy liquids may be carried out by heating the dairy liquid under conventional pasteurization conditions 
such as, for example, but not limited to, about 72 to about 80°C for at least about 15 seconds. 
[0041] Dairy liquids used in the current invention may incorporate other ingredients. For example, calcium may be 

25 added for calcium fortification. Suitable calcium sources include, for example, calcium chloride, calcium sulfate, calcium 

phosphate, calcium citrate, calcium carbonate, calcium gluconate, and the like. Such other ingredients that can be 
used in the process of manufacturing cheese should not, of course, interfere with transglutaminase activity so as to 
completely inhibit the ability of this enzyme to crosslink proteins found in dairy liquids. 

[0042] In the process of the current invention, the dairy liquids are curded and crosslinked by the addition of an 
30 acidifying agent and transglutaminase. For the current invention, crosslinking occurs during the curding process of the 

cheese-manufacturing process. Typically, the crosslinking agent is added to the dairy liquid at the same time the acid­

ifying agent is added or shortly thereafter. Preferably, the crosslinking agent is added within 1 hour of addition of the 
acidifying agent, more preferably within 1 O minutes of addition of the acidifying agent, and most preferably, immediately 
after addition of the acidifying agent. Delayed addition of transglutaminase results in a lesser degree of crosslinking 

35 with the same enzyme dosage. The degree of crosslinking should be sufficient to provide the desired textural and 

protein retention characteristics. In the current invention, crosslinking at least a portion of the dairy proteins can be 

detected using an SOS-PAGE gel and detecting a diminution of main protein bands compared to control, untreated 
cultures orby detecting a band of aggregates/polymers in SOS-PAGE gels. Preferably, the protein aggregates/polymers 
remain small enough to enter the stacking gel of the gel. Figure 4 provides a typical gel with curd and whey from the 

40 process of this invention as well as curd and whey from a similar process run without transglutaminase. 

[0043] Curding and crosslinking are carried out simultaneously and proceed at different rates of reaction during the 
entire process of curd formation as system conditions change (e.g., changes in pH, lactose content, protein substrates, 

and the like as the reactions proceed). When lactic acid-producing cultures are used as the acidifying agent, curding 

and crosslinking are carried out until the pH of the dairy liquid is reduced to a pH of about 4.2 to about 5.2, preferably 
45 about 4.4 to about 4.8, most preferably about 4.5 to about 4.7. Typically, the curding and crosslinking are carried out 

for between 1 and about 24 hours at temperatures of between about 18 and 55°C. 

[0044] Typically, where the resulting cheese is cottage cheese, the crosslinking and curding time is from about 1 
hour to about 14 hours and the crosslinking and curding conditions include a temperature of about 22 to about 36°C, 

preferably from about 3 hours to about 6 hours at a temperature of about 30 to about 34°C. 
50 [0045] Typically, where the resulting cheese is cream cheese, the crosslinking and curding time is from about 12 

hours to about 24 hours and the crosslinking and curding conditions include a temperature of about 20 to about 30°C, 
preferably from about 15 hours to about 19 hours at a temperature of about 22 to about 28°C. In one embodiment, the 
crosslinking and curding is carried out for about 17 hours at a temperature of about 25°C. 

[0046] Typically, the curding and crosslinking is done without disturbing the dairy liquid being processed (i.e., without 
55 significant agitation). The acidifying agent may be either a food grade acid or a lactic acid-producing culture, both of 

which are well known in the art. Food grade acids, include, but are not limited to, citric acid, lactic acid, glucono delta 
lactone, phosphoric acid, acetic acid or vinegar, and the like. 

[0047] Preferably, for the current invention, the acidifying agent is a lactic acid-producing culture. Such cultures are 

5 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 365 of 3341

EP 1 254 601 A1 

well known in the art of food science. Any lactic acid-producing bacteria used in conventional cheesemaking can be 
used in the process of the current invention. Not to be limited by theory, as is known in the art, lactic acid-producing 

microbes are used in cheese manufacturing to ferment lactose present in the dairy liquid and to cause further decom­
position of the clotted casein into smaller peptides and free amino acids as a result of the culture's production of 

5 proteases and peptidases. The lactic acid-producing culture may be added in amounts which are conventional for the 

present purpose (i.e., typically about 10,000 to 10,000,000 bacteria/g of dairy liquid). The cultures may be added as 

freeze-dried, frozen, or liquid cultures. 
[0048] As is well known in the art, the lactic acid-producing culture can be added as a starter culture. The starter 
culture is typically established by inoculating a lactic acid-producing bacteria into a relatively small quantity of dairy 

10 liquid compared to the quantity to be used in the cheese production process. The culture is incubated at a temperature 

that supports multiplication of the bacteria before being used to inoculate the full volume of dairy liquid for the batch 
of cheese production. 

[0049] For the current invention, crosslinking of the dairy liquid occurs while the lactic acid-producing culture is acid­

ifying the dairy liquids. By "crosslinking the dairy liquid" is meant crosslinking proteins present in the dairy liquid. 
15 Crosslinking of proteins during the process of the current invention is catalyzed by transglutaminase. Transglutami­

nases are enzymes which catalyze the transfer of the y-carboxamide group of a glutaminyl residue in a protein or 
peptide to the E-amino group of a lysyl residue of the same or a different protein or peptide, thereby forming a y-carboxyl­

E-amino crosslink. 

[0050] Transglutaminases have a broad occurrence in living systems, and may be obtained, for example, from mi-
20 croorganisms such as those belonging to the genus Streptoverticillium, from Bacillus subtilis, from various Actinomyc­

etes and Myxomycetes, from fish species and other marine sources, from plant sources, and from animal sources, 
especially mammals. For example, mammals provide the blood clotting protein activated Factor XI II; liver transglutam­
inase can be obtained, for example, from pigs. In general, transglutaminases from animal sources require calcium ions 
for activity. Recombinant forms of transglutaminase enzymes may be obtained by genetic engineering methods as 

25 heterologous proteins produced in bacterial, yeast, and insect or mammalian cell culture systems. The principal re­

quirement of any transglutaminase employed in the instant invention is that it has the activity referred to above. Any 
enzyme having transglutaminase activity may be employed in the methods of the present invention. In a preferred 
embodiment, the transglutaminase is obtained from the genus Streptoverticillium. 

[0051] Transglutaminase activity may be determined using known procedures. One such colorimetric procedure uses 
30 benzyloxycarbonyl-L-glutaminyl-glycine and hydroxylamine to form a y-carboxyl-hydroxamic acid if transglutaminase 

is present. An iron complex of the hydroxamic acid can be formed in the presence of ferric chloride and trichloroacetic 

acid. Using the absorbance at 525 nm with appropriate standards, the activity of enzyme present may be determined 
(see, e.g.,U.S. Patent 5,681,598 and J. Biol. Chem. 240:2951 (1965)). 
[0052] In certain embodiments, transglutaminase is used in step (ii) at concentrations of less than 1 O units per gram 

35 of dairy liquid, preferably less than 5 units per gram, more preferably less than 1 unit per gram of dairy liquid. In certain 

embodiments, transglutaminase is used at a concentration of about 0.4 to about 0.8 units per gram of dairy liquid. 

[0053] After crosslinking and curding, the curd is disturbed and cooked. Typically, the curd is disturbed by cutting or 
stirring. The processes of cutting or stirring and cooking curd are well known in the art. Examples of cooking conditions 
are described in the accompanying Examples section. For example, but not intended to be limiting, where the cheese 

40 is cream cheese, the cooking can be performed by heating the temperature of the curd and whey to about 80°C for 

about 30 minutes. In another embodiment where the dairy liquid is skim milk, the cooking in step (iv) can be performed 
by increasing the temperature of the curd and whey from about 30 to about 60°C over a period of about 60 minutes. 

[0054] After being cut and cooked, the curd is separated from the whey and the curd is collected (see, e.g., Option 
2 in Figure 2). Methods are well known in the art for separating curd from whey and collecting curd. These methods 

45 may vary depending on the type of cheese produced. For example, but not intended to be limiting, centrifugation by a 
separator (e.g., a Model #KSA6-01-076 separator, Westfalia Separator, Inc., Northvale, NJ.) can be used to separate 

curd from whey during cream cheese production. Alternatively, the curd and whey can be homogenized without sep­
aration (see, e.g., Option 1 in Figure 2). 

[0055] Typically, a conventional milk clotting/renneting enzyme is not present during the curding and crosslinking 
50 step in the processes of the current invention. In certain embodiments, a conventional milk clotting/renneting enzyme 

is not present during any step of the process. A "conventional milk clotting/renneting enzyme" is a rennet or a non­
rennet protease that has coagulating activity. 
[0056] Rennet is a generic term used in the field of dairy science and in the field of cheese making, to designate an 

activity obtained from the lining of the stomachs of immature mammals that consume maternal milk. The natural function 
55 of rennet is to initiate the digestion of the milk in order to provide the nutrition contained in the milk protein to the young 

mammal. In cheese making, rennet is used to clot the dairy liquids, thereby forming cheese curd and whey. The term 
"renneting" relates to the process of treating a dairy liquid with a rennet to provide a cheese curd and whey. Synonyms 

for "renneting" include "curding," "clotting," and "setting." As used in contemporary dairy science, "rennet" connotes 
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the enzyme earlier called "rennin" and now termed "chymosin." Chymosin is a member of the family of proteases known 
as aspartyl endopeptidases. 

[0057] The activity of chymosin on dairy liquids includes at least the proteolytic cleavage of the peptide bond between 
the phenylalanyl residue that occurs at about position numbered 105 and the methionine that occurs at about position 

5 numbered 106 in K-casein to release a soluble macropeptide and induce the coagulation of the remainder of the mol­

ecule, termed para-K-casein, with all the components of the casein micelles. Common natural sources of chymosin 

include, but are not limited to, the stomachs of calves, buffalo, other ruminants, kid goats, lambs, piglets, and the like. 
Furthermore, various natural chymosins and genetically engineered chymosin mutant proteins are available as the 
recombinant protein products, obtained as a result of introducing genes encoding these proteins as heterologous genes 

10 in order to make the gene products in suitable host organisms. Chymosin is the activated form produced when the 

proenzyme prochymosin is activated. Prochymosin likewise may be a recombinant product, and may be a genetically 
engineered mutant protein which upon activation provides renneting activity. As used herein, all such chymosins having 

renneting activity, and prochymosins activatable to such chymosins, are included in the term "rennet." 

[0058] Many other non-rennet enzymes have coagulating activity. Non limiting examples include other aspartyl pro-
15 teases such as various pepsins, and a large number of proteases from nonmammalian sources, including plants, 

microorganisms, and marine fishes. As used herein, a "non-rennet protease" relates to any such protease having milk­
clotting activity that is not a rennet as defined herein. Furthermore, various natural non-rennet proteases, as well as 

genetically engineered mutant proteins derived from such natural proteases and having the corresponding protease 

activity, are available as recombinant protein products, obtained upon introducing genes encoding these proteins as 
20 heterologous genes into suitable host organisms to produce the protein products. As used herein, all such recombinant 

non-rennet proteases having milk-clotting activity are included in the term "non-rennet protease." 

[0059] Among the non-rennet proteases that may be used in the process of dairy liquid curding are the bacterial 
protease obtained from Bacillus /icheniformis and designated SP 446 (Novo Nordisk), the bacterial protease from 
Bacillus thermoproteolyticus, the microbial protease Coralase PN-L produced by Aspergillus sojae (Rohm GmbH, Ger-

25 many), a plant protease such as papain, animal proteases such as a protease from the intestines of fishes. 

[0060] The cooked curd produced by the process of the current invention can be combined with other ingredients to 
obtain final cheese products. These other ingredients include any ingredients typically used in cheese manufacturing. 

For example, dressings can be added to the curd for the production of creamed cottage cheese (see, e.g., Figure 3). 
[0061] The processes of the current invention may include an additional homogenization step after the curd is col-

30 lected. Preferably, a single- or two-stage homogenizer can be used. Preferably, the first stage is operated at a pressure 

of about 1000 psi (about 6895 kPa) to about 10000 psi (about 68948 kPa) and the optional second stage at about 100 

psi (about 689 kPa) to about 1000 psi (about 6895 kPa). 
[0062] In another aspect, the current invention relates to cheese products, especially cream cheese and cottage 
cheese products, produced by a process as described above, including any of the embodiments described above. The 

35 cheese products of the current invention have a number of advantages. For example, the processes of the current 

invention significantly increase the yield of cheese produced while reducing processing time. The cheese products are 

less fragile and have reduced syneresis. Additionally, the cheese products have greater viscosity and firm texture. Not 
to be limited by theory, it is believed that these advantages are the result, at least in part, of smaller, more concentrated 
protein particles observed in cheese products produced by processes of the current invention (see, e.g., Figure 6). 

40 [0063] The following examples describe and illustrate the processes and products of the invention. These examples 

are intended to be merely illustrative of the present invention, and not limiting thereof in either scope or spirit. Unless 
indicated otherwise, all percentages and ratios are by weight. Those skilled in the art will readily understand that 

variations of the materials, conditions, and processes described in these examples can be used. 

45 EXAMPLE 1: Effect of Transglutarninase Dosage on the Incorporation of Whey Protein into Cottage Cheese. 

[0064] An analysis was performed of the effect of transglutarninase on the incorporation of whey protein into cottage 
cheese. The process used for making cottage cheese consisted of the following steps: 

50 (1) Skim milk was pasteurized at about 72°C for 15 seconds. 

(2) A starter culture was prepared by inoculating the pasteurized milk with a lactic acid- producing culture at 22°c 
and incubating overnight. 
(3) The starter culture (6.0 kg) was mixed with 94.0 kg of pasteurized skim milk at 32°C. 

(4) During the process of fermentation, transglutaminase was added to the samples at the quantities shown in 
55 Table 1. 

(5) The samples were incubated at 32°G for about 5 hours to lower pH to about 4.70. 
(6) Curd was cut and incubated undisturbed for 30 minutes. 

(7) Temperature was increased from 30°G to 60°C over a period of about 60 minutes. 
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(8) The curd was drained using cheesecloth. 

[0065] Protein concentrations were determined using the Lowry assay (Lowry, OH, Rosebrough, N.G., Farr, A.L., 
and Randall, R.J,, "Protein Measurement with Falin phenol reagent," J. Biol. Chem. 193:265 (1951 )), Transglutaminase 

5 activity was determined as described in J. Biol. Chem. 240:2951 (1965). One unit of transglutaminase activity is defined 

as the amount of enzyme that catalyzes the formation of 1 micromole of hydroxymate per minute under the assay 

conditions. 
[0066] Experimental results are summarized in Table 1. The concentration of proteins in the recovered whey de­
creased with increasing dosage of transglutaminase. Compared to the control sample which had no added transglutam-

10 inase, up to 26 percent of whey protein was incorporated into cottage cheese curd. Figure 5 shows the relationship 

between the activity of transglutaminase added to milk and the concentration of proteins in the whey. Of course, de­
creasing whey protein in the whey corresponds to increasing whey protein in the curd. In addition to the incorporation 

of whey proteins into curd that caused a significant increase in the yield of curd, the firmness of cottage cheese curd 
was also significantly increased by the reaction of transglutaminase cross-linkage. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

Table 1. 

Effect of Transglutaminase (TG) Dosage on the Incorporation of Whey Protein into Cottage Cheese 

No. Sample Proteins in Whey Proteins in Whey 

(Asso nm)* (%) 

Milk (g) TG (g) 

1 225 0 0,30740.484 

2 225 OAO 0,2564 

0.404 

3 225 0.80 0.2339 
0,368 

4 225 1.40 0.2257 
0,355 

'Whey recovered was diluted 1 OX for the assay. Data are mean values of triplicate measurements. 

Example 2. Denatured Transglutaminase Has No Affect on Whey Protein Incorporation. 

[0067] An analysis was performed to determine whether the effects of transglutaminase on the incorporation of whey 

proteins into cottage cheese required the transglutaminase enzyme to be active. The process for making cottage 
cheese was carried out as described in Example 1 except that either denatured or active transglutaminase was added 
to the culture as shown in Table 2. Additionally, the formed curd was cut after about 4 hours incubation at 32°C instead 

of about 5 hours incubation as in Example 1. Protein concentration and transglutaminase activity was measured as 
described in Example 1. 
[0068] Results of the experiment are summarized in Table 2. This experiment further confirms that the decreased 
protein concentration in recovered whey is caused by the cross-linking of transglutaminase. Heat denatured trans­

glutaminase had no effect on the incorporation of whey protein into cheese curd. The concentration of proteins in whey 
recovered from the sample with the addition of heat denatured transglutaminase was the same as that of control 

samples, indicating that the components in the inactivated enzyme sample had no effect on whey protein incorporation. 
On the other hand, up to 23 percent of whey protein was incorporated into cottage cheese curd with the addition of 
0.60 g of active transglutaminase (100 units/g), 

Table 2. 

Experimental Design and Results 

No. Sample Proteins in Whey Proteins in Whey 

(Asso nm)* (%) 

Milk (g) TG (g) 

1 400 0 0,73670.464 

'Whey recovered was diluted 5X for the assay. Data are mean values of triplicate measurements. 
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Table 2. (continued) 

Experimental Design and Results 

No. Sample Proteins in Whey Proteins in Whey 

(Asso nm)* (%) 

Milk (g) TG (g) 

2 400 0.60 (denatured) 0.7361 
0.464 

3 400 0.60 0.5577 

0.351 

4 400 0.60 0.5678 

0.358 

5 400 0.60 0.5776 
-

0.364 

'Whey recovered was diluted 5X for the assay. Data are mean values of triplicate measurements. 

Example 3. Pilot Plant Testing of the Process for Incorporating Whey Protein into Cottage Cheese. 

[0069] An analysis was performed of the ability of the process of the current invention to increase the amount of 
protein incorporated in cottage cheese when carried out in a larger batch size. The process used was a modified version 
of the process described in Example 1. The pilot plant process used for making cottage cheese consisted of the following 

25 steps: 

(1) Skim milk was pasteurized at about 72°C for 15 seconds. 
(2) A starter culture was prepared by inoculating the pasteurized milk with a lactic acid- producing culture at 22°c 

and incubating overnight. 

30 (3) The starter culture (12.7 kg) was mixed with 215 kg of pasteurized skim milk at 32°C. 
(4) During the process of fermentation, transglutaminase (0.68 kg enzyme powder dissolved in 2.8 kg water) was 

added to the sample and the sample was mixed. 

(5) The samples were incubated at 32°C for about 4 hours to lower pH to about 4.70. 
(6) Curd was cut and incubated undisturbed for 30 minutes. 

35 (7) Temperature was increased from 30°C to 55°C over a period of about 120 minutes. 

(8) The curd was drained then washed with water twice. 
(9) The washed curd was drained, weighed, and mixed with dressing (prepared as shown diagrammatically in 
Figure 3) to make the final cottage cheese product. 

40 [0070] Control samples were processed as above except that no transglutaminase was added. The activity of the 
transglutaminase used in this experiment was 100 Unit/g enzyme powder. Moisture content was determined using a 
vacuum oven test. For this test, the weight of curd was determined before and after drying the curd in a vacuum oven. 

[0071] Protein concentrations and transglutaminase activity were determined as described in Example 1. Whey sam­
ples were filtered to remove fine particles and diluted 1 OX before determining their protein concentration by the Lowry 

45 assay. Protein composition of curd and whey fractions were analyzed by Coomassie blue R-250 staining of proteins 
separated by electrophoresis on 16.5% SOS polyacrylamide gels, according to the method of Laemmli, U.K., Nature, 

227:680 (1970). A typical gel is shown in Figure 4 for both inventive curd and whey and for the control curd and whey. 
[0072] Transmission electron microscopic analysis was performed using standard procedures known in the art, as 
described in HAYAT's Principles and Techniques of Electron Microscopy, Litton Educational Publishing, Inc. The sam-

50 pies were counterstained with osmium tetroxide (OS04) and analyzed using a ZEISS model EM10 transmission elec­

tron microscope. Figure 6 provides typical electron micrographs of cottage cheese curd produced. 
[0073] Results of the experiment are summarized in Table 3. Compared to control samples (i.e., no added trans­
glutaminase), 23 percent of whey protein was incorporated into the cottage cheese curd in samples containing added 

transglutaminase. The incorporation of whey proteins into curd caused a significant increase in the yield of curd (39.6 

55 kg vs. 31.7 kg). Total curd solids recovered from transglutaminase-treated milk was 26 percent greater than that from 
control sample. The application of transglutaminase to cottage cheese production, therefore, yields significant produc­

tivity savings. 
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Table 3. 

Differences Between Transglutaminase-treated Sample and Control 

Transglutaminase Treated Control 

Proteins in Whey (Assa nm)* 0.212 0.276 

Curd Obtained (kg) 39.6 31.7 

Moisture in Curd (%) 78.1 78.4 

Total Solids in Curd (kg) 8.67 6.85 

'Protein content in the whey samples was 3.87% for the control sample and 2.97% for the transglutaminase-treated sample, according to this assay. 
Data are mean values of triplicate measurements. 

[0074] In addition to the increase in curd yield, the texture of cottage cheese curd was significantly improved (i.e., 
increase in firmness) by transglutaminase cross-linking. Analysis of the microstructure of curd samples indicated that 

transglutaminase-treated curd contained smaller protein particles with less empty space between the particles (see 
Figure 6). This reduced empty space (both at the edges and the body of the curd) likely contributes to the reduced rate 

of syneresis and the unique texture of the cottage cheese of this invention. Thus, it appears that transglutaminase 
cross-linking significantly effects both the microstructure of the curd and the incorporation of whey protein in the curd. 
It also appears that the less-fragile curd resulted in fewer fine particles of curd being lost in the whey. A cooked egg­
white-like texture was produced with the cross-linking using transglutaminase. The texture is very unique for curd. The 

significantly firmer texture of curd formed from transglutaminase-cross-linking reduces the need for gentle handling of 

curd during the initial stages of cooking, resulting in a more robust process. 
[0075] Figure 4 shows the protein profile of curd and whey recovered from the pilot plant process and a control 

process without added transglutaminase. Compared to whey recovered from control samples, whey recovered from 
transglutaminase-treated milk contained fewer proteins, especially caseins. Based on the small amount of proteins 
remaining in the whey of transglutaminase-treated samples (Figure 4, lane 2), it may be difficult to incorporate further 

~-lactoglobulin and/or a-lactobumin into curd. Transglutaminase treatment produced protein polymers with a wide 

range of molecular weights (Figure 4, lane 1 ). These polymers likely contribute to the unique texture of the cottage 
cheese curd obtained. The texture of cheese curd, therefore, can be adjusted by controlling cross-linking conditions. 

EXAMPLE 4: Effect of Transglutaminase Dosage on the Incorporation of Whey Protein into Cream Cheese. 

[0076] An analysis was performed of the effect of transglutaminase on the incorporation of whey protein into cream 
cheese. The process used for making cream cheese consisted of the following steps: 

(1) Cream-added milk was homogenized in two stages at a pressure of 1600 psi (11032 kPa) in the first stage and 
500 psi (3447 kPa) in the second stage and pasteurized at about ?2°C for 15 seconds. The milk/cream ratio was 
0.743 I 0.257. The full fat milk contained 12.0% solids, 88.0% moisture, 3.6% fat, and 3.2% protein. The cream 

contained 45.5% solids, 54.5% moisture, 41.0% fat, and 2.0% protein. 
(2) The pasteurized cream-added milk was inoculated with 0.75 percent volume of a bulk culture of a lactic acid­
producing culture at 25°C. 
(3) During the process of fermentation, transglutaminase was added to the samples at the quantities shown in 

Table 4. 
(4) The samples were incubated without disturbance at about 25°C for about 17 hours to lower pH to about 4.50. 

(5) The coagulum was stirred and the sample was heated to 80°C and held for 30 minutes. 
(6) The curd was separated from the whey by centrifugation at 1500 rpm for 10 minutes. 

[0077] Protein concentrations and transglutaminase activity was determined as described in Example 1. Recovered 
whey was diluted 1 OX for protein concentration determinations. Control samples were prepared using a process iden­

tical to that described above except that no transglutaminase was added or the added transglutaminase (20 percent 

w/v) was heat denatured by heating to 85°C for 1 o minutes before addition to the pasteurized milk. The percent of 
whey protein incorporated into transglutaminase-added samples was determined by subtracting the Assa of whey sam­
ples from processes where active transglutaminase was used from the Assa of whey samples from processes where 
heat-treated transglutaminase was used and dividing the remainder by 0.373. 

[0078] Results of the experiment are summarized in Table 4. The concentration of proteins in the recovered whey 
decreased with increasing dosage oftransglutaminase. Compared to control samples without added transglutaminase, 
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up to 19 percent of whey protein was incorporated into cream cheese curd. Heat denatured transglutaminase had no 
effect on the incorporation of whey protein into cheese curd. The concentration of proteins in whey recovered from the 

sample with the addition of heat denatured transglutaminase was the same as that of control samples without added 
transglutaminase, indicating that the components in the inactivated enzyme sample had no effect on whey protein 
incorporation. A number of benefits were found with the addition of transglutaminase during the cream cheese man­

ufacturing process, in addition to the increased utilization of starting milk protein. For example, the incorporation of 

whey proteins into curd caused an increase in the yield of curd. In addition, the firmness and viscosity of cream cheese 
curd was significantly increased by the transglutaminase cross-linkage. 

Table 4. 

Effect ofTransglutaminase (TG) Dosage on the lncor 

No. Sample Proteins in Whey Whey Protein Incorporated 

Milk (g) TG (g) (Assa nm)* (%) 

500 0 0.373 0.0 

2 500 0.40 0.375 0.0 
(heated) 

3 500 0.20 0.347 7.0 

4 500 0.40 0.322 14.2 

5 500 0.80 0.315 18.2 

6 500 1.50 0.331 19.3 

7 500 1.50 0.403 0.0 
(heated) 

• Whey recovered was diluted 10 X for the assay. Data are mean values of triplicate measurements. 

Example 5. Pilot Plant Testing of the Process for Incorporating Whey Protein into Cream Cheese. 

[0079] An analysis was performed of the ability of the process of the current invention to increase the amount of 
protein incorporated in cream cheese, when carried out in a larger batch size. The process used was a modified version 

of the process described in Example 4. The pilot plant process used for making cream cheese consisted of the following 

steps: 

(1) Cream-added milk (1362 kg total, 997 kg milk mixed with 365 kg cream) was homogenized in two stages, at 
a pressure of 1600 psi (11032 kPa) in the first stage and 500 psi (3447 kPa) in the second stage, and pasteurized 
at or above 72°G for 15 seconds. 
(2) The pasteurized cream-added milk was inoculated with 0.75 percent volume of a bulk culture of a lactic acid­

producing culture at 25°G. 
(3) During the process of fermentation, 2.0 kg of transglutaminase dissolved in 1 O kg of water was added to the 
sample. 
(4) The samples were incubated without disturbance at about 25°C for about 17 hours to lower pH to about 4.50. 

(5) The mixture was heated to about 82°G by pumping it to a plate heat exchanger. 
(6) The mixture was then pumped to a separator (Model #KSA6-01-076, Westfalia Separator, Inc., Northvale, NJ) 

and separated at 82°G. 
(7) A slurry of whey, salt, and/or gum mixture was added to the separated curd and moisture was adjusted to 60 

percent. 
(8) The sample was homogenized at O psi (0 kPa), 1500 psi (10342 kPa), 3500 psi (24132 kPa), and 5000 psi 
(34474 kPa). 

(9) The sample was hot filled and stored at 4°G after 15 minutes incubation after filling. 

[0080] Protein concentrations in the cheese samples were determined using the Kjeldahl method (Bradstreet, R.B., 
"The Kjeldahl Method for Organic Nitrogen," Academic Press, Inc., New York, NY (1965); Official Methods of Analysis, 

14th Ed., AOAC, Arlington, VA, Methods No. 2.057, 24.038 - 24.040 (1985)) using a KJELTEC AUTO 1030 Analyzer 
(Fisher Scientific, Itasca, IL). 
[0081] Protein concentrations in the whey samples recovered were determined using the Lowry assay (Lowry, O.H., 

11 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 371 of 3341

EP 1 254 601 A1 

Rosebrough, N.G., Farr, AL and Randall, R.J., "Protein measurement with Falin phenol reagent," J. Biol. Chem. 193: 
265 (1951 )). Transglutaminase activity was determined as described in Example 1. 

[0082] Recovered whey was diluted 1 OX for protein concentration determinations. Control samples were prepared 
using a process identical to that described above except that no transglutaminase was added. The percent of whey 

5 protein incorporated into transglutaminase-added samples was determined by subtracting the Assa of whey samples 

from processes where active transglutaminase was used from the Assa of whey samples from processes where heat­

treated transglutaminase was used and dividing the remainder by 0.274. 
[0083] Moisture content was determined using a vacuum oven test. For this test, the weight of curd was determined 
before and after drying the curd in a vacuum oven. 

10 [0084] Viscosity of the samples was measure at 4°C using a Viscometer (Model HAAKE VT550, HAAKE Inc., Karl­

sruhe, Germany). Syneresis was measured after a 20-hour incubation at room temperature by determining the amount 
of moisture phase separated from the sample during the incubation period. For this measurement, the cheese sample 

in an 8 oz (236.6 ml) cup was cut in the middle and half of the sample removed completely to the bottom of the cup 

and its weight measured. After incubation, the moisture phase was removed and the net change in weight is the amount 
15 of moisture separated. The rate of syneresis = net change in weight divided by the original weight of the sample after 

cutting. 

[0085] Fat concentration was determined by a standard method as described in the AOAC 16th Ed., 4th Revision, 
March 1998, method #33. 7.17. Lactic acid concentration was determined by using an enzyme/spectrophotometric 

assay with a Boehringer Mannheim (Indianapolis, IN) test kit. 
20 [0086] The process used for making cream cheese in the pilot plant for this experiment is shown in Figure 9. Results 

of analysis of whey remaining after the manufacture of cream cheese using this pilot plant process are shown in Tables 
5 and 6. Compared to control samples, which were manufactured without the addition of transglutaminase, 13.5 percent 
of whey protein was incorporated into cream cheese curd for the sample treated with transglutaminase (Table 5). 
[0087] In addition to the incorporation of whey proteins into curd which caused an increase in the yield of curd, the 

25 texture/viscosity of the cream cheese curd was also significantly improved by the transglutaminase cross-linkage. 

Without post homogenization, the viscosity of transglutaminase-treated samples was 5.5 times greater than that of 
control samples. Cross-linking of proteins also minimized syneresis of the final product. The syneresis rate of the final 
product was decreased about 50 percent in the cream cheese curd prepared with the addition of transglutaminase. 

The increase in product viscosity and decrease in syneresis were further confirmed by repeated pilot plant experiments 
30 (data not presented). With the incorporation of whey protein as well as increased moisture in the sample of trans­

glutaminase-treated milk, its fat content was lowered. In addition, the transglutaminase-treated sample contained less 

lactic acid, which should improve the flavor of the final product. 

Table 5. 

35 Incorporation of Whey Protein into Curd by Transglutaminase (TG) Treatment 

Sample Proteins in Whey Whey Protein Incorporated (%)** 

(Average*; Assa nm) 

Transglutaminase Treated 0.237 13.5 
40 

Control Sample 0.274 0.0 

'Data are mean values of duplicated measurements. 
•• The rate of whey protein incorporation = (Assa control - Assa TG-treated)/a.274. 

45 
Table 6. 

Characteristics of Soft Cream Cheese Prototypes from Pilot Plant Experiment* 

Homog. Moisture Viscosity Syneresis Fat Acidity Lac. Acid Proteins 

50 
(Psi)[kPa] (%) (Pa) (%) (%) (%) (%) (%) 

A O[O] 61.1 3637 6.0 28.2 0.74 0.46 6.3 

5000[34474] 60.4 5912 5.5 28.8 0.71 0.42 6.3 

B O[O] 58.9 656 11.1 31.0 0.79 0.49 5.9 

55 5000[344741 58.4 5226 10.2 31.9 0.78 0.51 6.3 

• Data are mean values of duplicate measurements. 
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[0088] In addition to the effects of transglutaminase addition, the process of homogenization of the curd had signif­
icant effects on product texture and syneresis. As shown in Figure 7, product viscosity increased with increasing ho­

mogenization pressure as expected. In addition, as mentioned above the viscosity of transglutaminase-added products 
was greater than that of control samples. In addition, the viscosity of transglutaminase-treated samples was almost 

5 linearly proportional to the pressure of homogenization, indicating that cross-linked protein conjugates are compatible 

with the fat globule and curd matrix. 

[0089] The homogenization pressure applied to formed curd, however, had fewer effects on the rate of product sy­
neresis. No significant change on the rate of syneresis was observed for control samples or transglutaminase-treated 
samples with increasing homogenization pressure (Figure 8). As found in experiments described in previous Examples, 

10 transglutaminase-treated samples had reduced syneresis compared to control samples. The results reported in this 

Example support the conclusion that the process of the current invention produces firmer cream cheese products with 
minimized syneresis. 

[0090] Throughout this application, various patents, publications, books, nucleic acid and amino acid sequences 

have been cited. The entireties of each of these patents, publications, books, and amino acid sequences are hereby 
15 incorporated by reference into this application. 

Claims 

20 1. A process for making a cheese product comprising: 

(i) providing a dairy liquid comprising dairy proteins; 
(ii) crosslinking and curding the dairy liquid by adding an acidifying agent and a transglutaminase to the dairy 
liquid for a crosslinking and curding time, and under crosslinking and curding conditions, sufficient to crosslink 

25 at least a portion of the dairy proteins and to form a curd and a liquid whey; 

(iii) disturbing and heating the curd; 
(iv) separating the curd from the liquid whey; and 
(v) collecting the curd. 

30 2. A process according to claim 1, wherein the acidifying agent is added before or after the transglutaminase during 

step (ii). 

3. A process according to claim 1 or claim 2, wherein the process further comprises heating the crosslinked dairy 
liquid after step (ii) and before step (iii) at an inactivation temperature and an inactivation time sufficient to inactivate 

35 the transglutaminase. 

4. A process according to any one of claims 1 to 3, wherein the acidifying agent is a culture containing a lactic acid­
producing microbe and no conventional/milk clotting/renneting enzyme is used in the process. 

40 5. A process according to any one of claims 1 to 3, wherein the acidifying agent is a food grade acid and no conven-

45 

tional/milk clotting/renneting enzyme is used in the process. 

6. A process according to any one of claims 1 to 5, wherein the crosslinking and curding time is the time required to 
bring the pH of the dairy liquid to a pH of about 4.2 to about 5.2. 

7. A process according to claim 6, wherein the cheese is a cream cheese and the dairy liquid comprises cream and 

a dairy ingredient selected from milk, reconstituted dry milk, concentrated milk, whey, whey protein concentrate, 
and milk protein concentrate. 

50 8. A process according to claim 6 or claim 7, wherein the cheese is a cream cheese and the crosslinking and curding 

time is from about 1 hour to about 24 hours and the crosslinking and curding conditions comprise a temperature 
of about 1 B to about 55°C. 

9. A process according to claim 7 or claim 8, wherein in step (iii) the heating is performed by bringing the temperature 
55 of the curd and whey to about 55 to 80°C for about 1 to 60 minutes. 

10. A process according to claim 6, wherein the cheese is a cottage cheese and the dairy liquid is selected from the 

group consisting of milk, concentrated skim milk, reconstituted nonfat dry milk, whey protein, and milk protein 
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concentrate. 

11. A process according to claim 6 or claim 1 O, wherein the cheese is a cottage cheese and the crosslinking and 
curding time is from about 1 hour to about 14 hours and the cross linking and curding conditions comprise a tem-

5 perature of about 15 to about 55°C. 

12. A process according to claim 1 O or claim 11, wherein in step (iii) the heating is performed by increasing the tem­
perature of the curd and whey from about 30 to about 60°C over a period of about 15 to about 250 minutes. 

10 13. A process according to any one claims 1 to 12, wherein the transglutaminase is selected from a group of trans-
glutaminases isolated from a bacterial source, a fungus, a mold, a fish, and a mammal. 

14. A cheese product provided by a process according to any one of claims 1 to 13. 
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Description 

Technical Field: 

5 [0001] The present invention relates to a fat and oil composition containing ~-glucans extracted from a plant of the 
Gramineae family. More particularly, it relates to an edibie fat and oil composition which is uniformly dispersible in fats 
and oils and can be used in foods and the like as dispersed in fats and oils to easily supply ~-glucans having bioregulatory 
functions and which is uniformly dispersible throughout a food to improve the taste, texture, etc. of the food and to 
facilitate development of flavor of the food. 

10 

Background Art: 

[0002] J3-Glucans are material attracting attention for applications because of their excellent bioregulatory functions 
that have recently been analyzed, such as lipid metabolism improving action, intestinal regulatory action, and blood 

1" sugar controlling action. Broad application of such material to processed foods will bring extreme benefits, not only 
contributing to enhancement of functionality of processed foods (addition of value) but matching the expectation of 
contribution to public health maintenance. ~-Glucans are contained in gramineous plants. p-Glucan occurring in grami­
neous plants, for example, barley and oats are components making cell walls of endosperms in seeds and are distributed 
almost throughout the seeds. A p-glucan content in barley flour is generally 3 to 10% by weight, while varying according 

20 to the parts or species. Structurally, p-glucans are glucose poiymers mainly constructed through 1-3-p- and ·1--4 .. 13 .. !J .. 

glucopyranose bonds. 
[0003] JP 09 009 890 discloses the production of a fine particulate gel useful in food by using p-1,3-glucan. US 
4,~:31,802 discloses a method of preparing powders and granules capable of forming a stabilized micro--dispersion of a 
difficult to disperse material in cold water. n,is method comprises mixing the difficult to disperse material in liquid form 

25 with a matrix comprising by weight from about 70 to about 99 parts of disintegrated p-1,4-glucan. WO 01 30359 discloses 
a cholesterol lowering and blood lipids lowering composition which can contain p-glucan. WO 99 25198 discloses 
foodstuffs and drink mixes containing extruded fiber--containing intermediates which can contain p--glucan. WO 942·11 ~:8 
discloses fat-reduced laminated doughs which can contain p-glucan. 
[0004] In manufacturing processed foods added with or enriched in p-glucans, for example, foods added with or 

JO enriched in barley !3-•glucans, conceivable n1ethods of fortification include ( 1) addition of barley grains or flour and (2) 
addition of J3-glucans extracted from barley bran or grains. According to the method (1 ), it is relatively easy to fortify with 
p-glucans by adding barley grains or barley flour to a raw material mix which mainly comprises wheat flour and has been 
used in the manufacture of confectionery products. Nevertheless the method is problematical in that the ~-glucan content 
in t~,e food t~;at can be reached by fortification is limited since the p-glucan content in the added barley grains or flour is 

35 about 10% by weight at most and that such addition of barley grains or flour can impair the taste or texture or cause 
uneven baking thereby to reduce product values. Addition of barley bran that contains p-glucans and other functional 
components in larger proportions may be conceivable. However, addition of bran is more problematical, easily causing 
reduction of taste and texture and uneven baking, which results in reduced commercial value. Besides, where added to 
liquid substances such as fats and oils, barley grains, barley flour and barley bran are difficult to mix and disperse 

40 uniformly. It is very difficult to prepare eatable fat and oil compositions containing these materials. 
[0005] To the contrary, t~,e met~;od (2) which utilizes extracted ~-glucans is useful and advantageous in that a ~-glucan 
content in a processed food is arbitrarily adjustable. However, if barley tl-glucans, which have high water absorption, is 
added as such to a raw material mix mainly comprising wheat flour and kneaded with water, they easily form lumps. 
Such lumps make the mix non-uniform, leading to reduction of quality in taste and texture. Although it is possible to 

45 obtain foods having ~-glucans dispersed therein relatively uniformly by adding barley J3-glucans as previously dissolved 
in water to a raw material mix (mostly powdered), this method has poor workability and impracticability in the site of 
manufacture because it is not easy to prepare a uniform aqueous solution. That is, it takes time to dissolve, and the 
resulting aqueous solution is viscous. In t~,e manufacture of foods added with extract containing ~-glucans obtained 
from gramineous plants such as barley, it has therefore been awaited to establish a process for uniformly dispersing p-

50 glucans in a food to conveniently provide a processed food orto develop such ~-glucan materials originated in gramineous 
plants. 
[0006] On the other hand, quality modifiers have been in use for a variety of purposes, such as improvement of taste 
or texture of foods, processing capabilities, cooking capabilities, and workability in food production steps. 
[0007] For instance, in the production of bakery product dough it is a practice to use an agent for modifying stickiness, 

55 softness or ~,ardness of dough to improve workability in dough preparation or shaping. For baking, too, it is required to 
use modifiers contributory to improvements on product values, such as improvement on volume and springiness and 
elimination of a bumpy rough surface developed on the baked products. For preservation or storage of bakery products, 
it is a subject to prevent or retard ~,ardening and deterioration of physical properties, such as texture, wit~, time after 
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baking, and modifiers have been developed to address the subject. For frozen dough, modifiers are indispensable 
additives for imparting freeze resistance to dough. To meet these purposes, various food additives have been used, 
including emulsifiers, such as poiygiycerol fatty acid esters, fatty acid monoglycerides, and lecithin; oxidizing agents 
acting to en~;ance gluten network; enzymes, such as a-amylase and protease serving to modify gluten network; fats 

5 and oils containing the components recited above; saccharides, such as sorbitol and trehalose; thickening polysaccha­
rides, such as xanthan gum and pectin; and gelatinized starch (o:.--starch). 
[0008] Under these circumstances, today's consumers are highly concerned about safety while pursuing good taste 
and texture. There is a visible tendency to avoid synthetic additives and seek naturally-occurring substances. It has 
therefore been keenly desired to establish methods for settling the problems associated with foods by minimizing the 

10 amounts of the above-recited additives that may impair taste or texture or hinder manifestation of flavor, particularly 
synthetic emulsifiers but by using, if possible, only naturally-occurring substances; and to develop additives based on 
naturally-occurring substances. 
[0009] Accordingly, an object of the present invention is to provide a p-glucan--containing fat and oil composition which 
is capable of supplying ~-glucans ~,aving excellent bioregulatory functionality wit~;out impairing taste and texture. 

Disclosure of the Invention: 

[001 O] The present invention provides a tl-glucan-containing fat and oil composition characterized by containing fl­
glucans extracted from a gramineous plant. 

20 [0011] The present invention provides the P--giucan-containing fat and oii composition which contains a p-glucan having 
at least two kinds of bonds selected from a 1-2-P-D-glucopyranose bond, a 1-3-P-D-glucopyranose bond, a ·1-4-P-D­
glucopyranose bond, and a ·1-6-P-D-glucopyranose bond. 
[0012] The present invention provides the J3-glucan--containing fat and oil composition which contains a P--glucan having 
a 1-3-~-D-glucopyranose bond and a 1-4-~-D-glucopyranose bond. 

25 [0013] The present invention provides the p-glucan-containing fat and oil composition, wherein the gramineous plant 
is barley or oats. 
[0014] The present invention provides a food containing the p-glucan--containing fat and oil composition. 
[0015] The present invention provides a fat and oil emulsified composition containing the ~-glucan-containing fat and 
oil composition. 

30 [0016] The present invention provides a bake1y product containing the p--giucan-containing fat and oil composition. 
[0017] The present invention provides a confectionery product containing the ~-glucan-containing fat and oil compo­
sition. 
[0018] The present invention provides a food having a prophylactic action for habitual diseases (or life style-related 
diseases) containing the ~-glucan-containing fat and oil composition. 

35 [0019] The present invention provides a drug having a prophylactic action for habitual diseases containing the ~­
glucan-containing fat and oil composition. 
[0020] The present invention provides a processed rice, wheat, maize or soybean product containing the P--glucan­
containing fat and oil composition. 
[0021] The present invention provides a liquid food containing the tl-glucan-containing fat and oil composition. 

40 [0022] The present invention provides a processed food mainiy comprising starch and containing the J3-glucan--con-­
taining fat and oil composition. 

Best Mode for Carrying out the Invention: 

45 [0023] The present invention will be described hereunder in detail. J3-Glucans extracted from gramineous plants (~1ere­
inafter also referred to as "extracted p-glucans" or "p-glucan extract") which can be used in the fat and oil composition 
according to the present invention are not particularly restricted in the manner of extraction. An extracting solvent is 
added to a gramineous plant as a feed for extraction, and the plant is extracted. Any extract can be used irrespective 
of the extracting method, form or purity. For example, an extract layer per se obtained by solid-liquid separation, a liquid 

50 or solid ~-glucan concentrate obtained from the extract layer in a conventional manner, and a liquid or solid with increased 
purity prepared from the extract layer with a conventional purification means are included. It is no probiem if the extract 
contains extracted components other than tl-glucans. In the present invention, all these substances are called "tl-glucans 
extracted from a gramineous plant". 
[0024] Gramineous plants include cereals, such as rices, wheats, maizes, sorghums, barnyard millets, foxtail millets, 

55 millets, barleys, oats, and ryes. While a whole plant can be used as a feed for extraction, seeds having relatively high 
fl-glucan contents are preferred. Any of whole grain flour, bran by-produced in grain polishing, malt, germs, and en­
dosperms can be used. Preferred feeds include whole grain flour of barleys or oats, endosperms separated from an 
outer part of grains of barleys or oats by polishing, brans generated from barleys or oats in polis~;ing, rice bran, and 
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brans and germs separated form wheat or maize by polishing. Still preferred feeds are whole grain flour of barleys or 
oats, endosperms separated from an outer part of grains of barleys or oats by polishing, and brans generated from 
barleys or oats in polishing. 
[0025] It is preferred for the 13-glucans of t~,e present invention extracted from gramineous plants to comprise a !3-

5 glucan having at least two kinds of bonds selected from a 1-2-p-D-glucopyranose bond, a 1-3-p-D-glucopyranose bond, 
a 1--4-13-D-glucopyranose bond, and a 1-6--j:HJ--glucopyranose bond. It is preferred for the p--glucans of the present 
invention to contain a 13-glucan having a 1-3-!3-D-glucopyranose bond and a 1-4-!3-D-glucopyranose bond. 
[0026] The method for extracting p-glucans of the present invention from gramineous plants is described below. The 
p-glucans according to the present invention are water-soluble polymers and capable of being dissolved in water. They 

10 are separated by extracting, for exa~np!e, grain flour of a gramineous piant vvith 2 to 100 1:irnes as rnuch soivent, such 
as water, warm water, hot water, a salt solution, an aqueous acid or alkali solution or an organic solvent, at an arbitrary 
temperature for an arbitrary period of time. The extraction system is subjected to solid-liquid separation to obtain p­
glucans. p--Giucans obtained by extraction with water, warm water or hot water are preferred. Those extracted with warm 
water at 4 to 80°C are still preferred. An extraction accelerators and the like may be added in extracting. 

1" [0027] More specifically, methods for obtaining high-molecular-weight 13-glucans from barley, etc. include a method 
in which waxy barley is extracted with water (JP-B-4-11 '197), a method of obtaining p-glucans having a weight average 
molecular weight of 100,000 to 1,000,000 from barley or oats which comprises alkali extraction, neutralization, and 
precipitation in an alcohol (JP-B-6-83652), and a method of extracting 13-glucans in which bran separated by polishing 
barley, etc. to a polishing yield of 82°/0 or less is extracted with hot water at 80 to 90°C (JP-A-11-225706). Low-molecular-

20 weight p-glucans obtained by conventional molecular weight reduction of the 13--glucans obtained by these methods are 
also useful. Any known reactions for hydrolyzing polysaccharides is adoptable for molecular weight reduction of 13-
glucans. For example, it is known that water-soluble polysaccharides are hydrolyzable by heat and pressure application 
in the presence of an acid. This is made use of for molecular weight reduction of j3-glucans. Molecular weight reduction 
making use of enzymatic hydrolysis is also effective. Useful enzymes include 1,3-!3-glucanase. p-Glucans obtained by 

25 directly extracting a grain raw material by the method disclosed in WO98i13056, Japanese Patent Application No. 
2000-287920, etc. are also usable. The extraction accelerators and the like described in Japanese Patent Application 
No. 2000--295660 can be used. 
[0028] The f1-glucans extracted from a gramineous plant which can be used in the present invention are high-molecular 
compounds. While p-glucans having any weight average molecular weight are usable, those having a molecular weight 

JO of iess than 3,000,000, preferably less than 500,000, still preferably less than 100,000, are suitable because the con1-
patibility wit~, fat and oil increases as t~,e molecular weight decreases. The molecular weight of extracted !3-glucans may 
be reduced in a conventional manner to have improved compatibility with fat and oil, or low-molecular p-glucans may 
be directly obtained by extraction. 
[0029] The fats and oils or fat and oil compositions in whd, the ~-glucans extracted from a gramineous plant are 

35 dispersed are not particularly limited and include soybean oi!, rapeseed oil, mustard oil, cotton seed oil, safflower oil, 
sesame oil, corn oil, peanut oil, kapok oil, sunflower oil, rice oil, rice bran oil, coconut oil, palm oil, palm kernel oil, linseed 
oii, castor oil, oiive oil, cocoa butter, tung oil, camellia oii, illippe butter, Borneo taliow, Mowrah, sal butter, borage oil, 
la uric acid fat and oil, hard butter, shea butter, oleic acid-linoleic acid fat and oil, erucic acid oil, linolenic acid oil, conjugate 
acid oil, oxyacid oil, Cuphea oi!, crambe ( Crambeabyssinica) seed oil, meadowfoam oil, lesquerella (Lesquere//a fenderli) 

40 seed oil, macadamia oil, evening primrose ( Oenolhera biennis and Oenothera /amarkiana) seed oil, oil of seeds of 
borage (Borago officina/is) from the Boraginaceae family, oil of seeds of amaranth (Amamnthus L; an annual plant of 
the Amaranthaceae famiiy), pine seed oil, avocado oil, grapeseed oil, oil of dry microbial cells of the filamentous fungus 
Mortiere//a aipina, lipid of dry microbial cells of Labyrinthulae belong to Xanthophyta, lipid of dry microbial cells of 
Schizochytrium sp. belonging to Labyrinthulomycota, lipid of C1ypthecodinium cohnii, butter lipid, ghee butter, milk fat, 

45 beef tallow, lard, sheep tallow, fats and oils of other land animals, fish oil, whale oil, cod liver oil, fats and oils of other 
marine animals, short chain fatty acid-containing fats and oils, middle chain fatty acid-containing fats and oils, y-oryzanol, 
y--linolenic acid--containing fats and oils, o:--linolenic acid--containing fats and oils, docosahexaenoic acid (DHA)--containing 
fats and oils, eicosapentaenoic acid ( EPA)-containing fats and oils, plant sterol-containing fats and oils, trans acid­
containing fats and oils, hydroxy acid-containing fats and oils, conjugated fatty acid-containing fats and oi!s, polyphenol-

50 containing fats and oils, phospholipid-containing fats and oils, sphingolipids, tocotrienol-containing fats and oils, sitostanol 
fatty acid-containing fats and oi!s, n-3 polyunsaturated fatty acid-containing fats and oils, diglycerides, and other vegetable 
or animal fats and oils; processed oils derived from these fats and oils according to necessity, such as hydrogenated 
oils, slightly hydrogenated oils, hydrogenation isomerized oils, interesterified oils, and fractionated oils, fats and oils 
processed by two or more of these processes, and mixtures of two or more of these processed fats and oils. Additionally, 

55 disperse systems using these fats and oils as a dispersing medium or a dispersoid, sue~, as emulsions (including W/O 
emulsions, OiW emu!sions, double emulsions, i.e., OiWiO emulsions and WiO/W emulsions, and more complex multiple 
emulsions) and suspensions are also useful (such disperse systems will hereinafter be included under the category "fats 
and oils"). Further, foods containing t~,e above-recited fats and oils are also designated "fat and oil compositions" in the 
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present invention. 
[0030] When added to fats and oils, the form of p-glucans extracted from a gramineous plant is not particularly limited 
and can be added as such or as dissolved in water or any other water-solubie solvent. In preparing p--glucan--containing 
emulsions, p-glucans may be dispersed in a previously prepared fat and oil emulsion or be dispersed at the time of 

5 emulsification. Addition of 0-glucans can be carried out with no difficulty norfail whether the fat and oil is liquid oil or solid fat. 
[0031] The fat and oil composition containing p--glucans extracted from a gramineous plant is obtained by adding 0·· 
glucans extracted from a grarnineous plant to fat and oil or a fat and oil composition, foiiowed by mixing. Mixing means 
are not particularly limited, and mixing devices, such as a mixer, can be used. In particular, mixing tl-glucans extracted 
from a gramineous plant with fat and oil or a fat and oil composition and keeping the mixture at 50°C or higher for a 

10 given tirne, preferably 5 ~ninutes to 6 hours, still preferably 10 rninutes to 2 hours) give a fat and oi! cornposition in which 
the p-glucans extracted from a gramineous plant is uniformly or thoroughly compatible with the fat and oil. In foods 
produced by using the p-glucans extracted from a gramineous plant which are in a thoroughly compatible state with fat 
and oil, the p--glucans of a gramineous plant origin are dispersed more uniformly than in foods produced by directiy 
adding p-glucans extracted from a gramineous plant. As a result, there are produced remarkable effects such that the 

1" taste or texture is not impaired, reduction of flavor due to an emulsifier is unexpectedly suppressed, and manifestation 
of the flavor of a food is improved. 
[0032] It is a feature of the fat and oil composition of the present invention that p-glucans are very uniformly dispersed 
in fat and oil by use of various mixing, kneading or stirring machines described later. 
[0033] Where the fat and oil composition is composed of an oily phase and an aqueous phase as with an emulsion, 

20 while it is possible to add ~--glucans extracted fron--i a gran--iineous plant to either the oily phase or the aqueous phase) 
it is preferred t~;at the extracted components of gramineous plant origin be first dispersed completely in the oiiy phase 

and then mixed with the aqueous phase so that the p-glucans extracted from a gramineous plant may exhibit satisfactory 
compatibility with fat and oil to give a homogeneous fat and oil composition. Thus, a fat and oii composition containing 
p-glucans extracted from a gramineous plant can be obtained in a s~;ort time. 

25 [0034] Where p-glucans extracted from a gramineous plant are incorporated into a water-in-oil emulsion, a plasticized 
water-in-oil emulsion, etc., addition of 0-glucans extracted from a gramineous plant may be followed by emulsification, 
or be simu!taneous with emulsification, orbe preceded by emulsification as stated above, orbe preceded by plasticization. 

In using solid fat, it may be softened or liquefied by an appropriate method according to necessity, and p-glucans extracted 
from a gramineous plant is then added thereto. In orderto highly uniformly disperse 0-glucans extracted from a gramineous 

30 plant. it is desirable that 100 parts by weight of powdered 0--giucans and 10 to 50 parts by weight of edible fat and oil 
are mixed, and the mixture is then subjected to rolling or a combination of rolling and conching. Other raw materials, an 
additional amount of oil, and the like may be added in this state to adjust the 0-glucan content in the finally obtained fat 
and oil composition. 
[0035] The means for mixing p-glucans extracted from a gramineous plant into fats and oils include various types of 

35 machines for mixing, kneading or stirring. Examples are propeller agitators, oscillatory mixers, orifice mixers, paddle 
agitators, agitation emulsifiers (homomixer), cutter mixers, cokneaders, conches, silent cutters, jet mixers, vacuum 
agitators, screw mixers, static mixers, cutting mixers, sonicators, kneaders, rolls, Hydrossure, pipeline mixers, universai 
mixers, pin machines, homogenizers (~1igh-pressure homogenizers), ball cutters, and ribbon mixers. It is preferred to 
use an agitation emulsifier (homomixer) and/or a homogenizer (high-pressure homogenizer) at a product temperature 

40 of 40° to 8(l"C, After mixing by agitation, the fat and oil composition containing P--glucans extracted from a gramineous 
plant may be stored as obtained, or emulsified, or rapidly cooled for plasticization. For plasticization, a votator, a com­
binator, a perfector, a complector, Onreitor etc. can be used. Use of a pin machine at a product temperature of 10°C or 
lower is preferred. It is also possible that 0-glucans extracted from a gramineous plant is added to fat and oil having 
been emulsified and then processed in a rapid cooling--piasticizing apparatus, such as a votator, a combinator, a perfecter, 

45 a complector or a scraped-surface heat exchanger, and t~,e mixture is treated by any of the above-described methods 

to prepare a fat and oil composition containing p-glucans extracted from a gramineous plant. 
[0036] The content of 0--glucans extracted from a gramineous plant in the fat and oil composition of the present invention 
is desirably 0.01 to 500 parts by weig~;t, preferably 0.1 to 150 parts by weight still preferably 1 to 100 parts by weight, 
per i 00 parts by weight of the total composition except the p-glucans. Where the content of p-glucans extracted from a 

50 gramineous plant is less than 0.01 part by weight, a final product tends to fail to exhibit the functional effects of the~­
glucans. If it exceeds 500 parts by weight, the mixture tends to become powdery or lumpy irrespective of the kinds of 
other ingredients, failing to provide an edible fat and oil composition having fl-glucans extracted from a gramineous plant 
uniformly mixed and dispersed therein. Even after the mixture is processed into a final product, the lumps would remain 
oniy to cause non-uniform distribution of the extract. 

55 [0037] Where an extract layer obtained by extracting a gramineous plant is used as such without being purified or 
merely after being powderized or solidified, the 0-glucan purity of the extract is preferably as high as possible. An 
acceptable purity ranges 1 to 100%, and a preferred purity is from 10 to 100%, particularly 20 to 100%,. 
[0038] It is possible to add, to the fat and oil composition containing !3-glucans extracted from a grarnineous plant of 
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the present invention, food additives or foods such as emulsifiers, gelling agents, thickeners, and stabilizers to prevent 
the p-glucans from getting distributed non-uniformly due to agglomeration into lumps in the composition. The foods or 
food additives are not particularly limited as far as they are edible. Examples of the emulsifiers are lecithin, fatty acid 
monoglycerides, sorbitan fatty acid esters, propylene glycol fatty acid esters, sugar esters, polyoxyethylene sorbitan 

5 fatty acid esters, Tween, polyoxyethylene sorbitan trioleate, polyoxyethylene sorbitan monooleate, polyoxyethylene 
sorbitan monostearate, polyoxyethylene sorbitan monopalmitate, and polyoxyethylene sorbitan monolaurate. Examples 
of the thickeners and the stabilizers are puilulan, psyiiium, gum arabic, gelian gum, glucomannan, guar gum, xanthan 
gum, tamarind gum, carrageenan, alginic acid salts, farceran, locust bean gum, pectin, curdlan, and low-molecular 
compounds obtained from these substances, starch, processed starch, gelatinized starch, crystalline cellulose, gelatin, 

10 dextrin, agar1 and dextran. ,i\dditionai useful food additives or foods include saccharides 1 such as giucoseJ fructose 1 

sucrose, maltose, enzyme-saccharified sugar (thick malt syrup), lactose, reducing starch saccharification products, 
isomerized liquid sugar, sucrose-coupled malt syrup, oligosaccharides, reducing sugar polydextrose, sorbitol, reduced 
lactose, trehalose, xylose, xylitol, maltitol, erythritol, mannitol, fructo--oligosaccharides, soybean oligosaccharides, ga-­
lacto-oligosaccharides, lactosucrose-oligosaccharides, raffinose, lactulose, palatinose-oligosacc~;arides, stevia, and As-

1" partame: stabilizers, such as phosphoric acid salts (e.g., hexametaphosphorates, secondary phosphates and primary 
phosphates) and alkali metal (e.g., potassium or sodium) salts of citric acid; proteins, such as whey proteins, (e.g., a­
lactalbumin, !3-lactoglobulin, and serum albumin), casein and other milk proteins, low-density lipoprotein, high-density 
lipoprotein, egg proteins (e.g., phosvitin, livetin, phosphoglycoprotein, ovalbumin, conalbumin, and ovomucoid), wheat 
proteins (e.g., gliadin, glutenin, prolamine, and glutelin), and other vegetable and animal proteins; inorganic salts, such 

20 as sodiurn ch!oride, rock salt, sea salt, and potassiun1 chloride; souring agents, such as acetic acid, lactic acid, and 
gluconic acid; colorants, such as ~-carotin, caramel, and fVlonascus color: antioxidants, such as tocopherol and tea 
extract: eggs, such as whole eggs, egg yolk, egg white, and enzyme-processed eggs: cereals, such as bread flour, all­
purpose flour, and cake flour: beans, such as soybean powder; water, flavors, dairy products, seasonings, pH adjustors, 
enzymes, food preservatives, shelf life extenders, fruits, fruit juices, coffee, nut pastes, spices, cacao mass, and cocoa 

25 powder. Two or more of these additives can be used in combination. The amounts of the additives to be added are not 
particularly limited. They can be added in general amounts, for example, 0.01 to 15°,{, by weight based on the composition. 
[0039] The foods to which the fat and oil composition of the present invention is applicable will then be described. The 
foods that can be used are those containing the aforementioned fat and oil composition containing tl-glucans extracted 
from a gramineous plant as a part or the whole of the fats and oils conventionally employed therefor or those containing 

JO ~--g!ucans extracted frorn a grarnineous p!ant and fats and oils. Included in such 'foods are not on!y fat and oil foods 
exemplified by margarine and shortening but any kinds containing fats and oils, such as bakery products, confectionery 
products, processed rice products, processed wheat products, processed maize products, processed soybean products, 
health foods, and medicinal foods. The fat and oil composition containing p-glucans extracted from a gramineous plant 
according to the present invention can be used as a substitute for a part of, or the whole of, a fat and oil composition 

35 used in these foods according to conventional usage whether it is liquid (e.g., salad oil, frJing oil, and whipping cream), 
sol (e.g., liquid shortening), pasty or emulsion (e.g., foamable emulsified fats, dressings, fat spreads, custard cream, 
and dipping cream) or solid (e.g., shortening, margarine, candies, chocolates, and roux type curry sauce mixes). 
[0040] Examples of products to w~;d; the fat and oil composition is applied include foods, food additives, cosmetics, 
toiletries, and drugs. The foods include grain-related products, such as those containing wheat flour as a main ingredient 

40 and those containing rice as a main ingredient, such as bread, desse1t bread, hot dog buns, and Danish pies; pancakes, 
doughnuts, pizza, tempura, and premixes thereof: cookies/biscuits and snacks; noodles, such as raw noodles, dry 
noodles, packaged instant noodles, instant cup noodles, uc!on noodles (white wheat noodles), buckwheat noodles, 
Chinese noodles, rice noodles, and pastas; rice products, such as boiled rice, rice cake, sterile boiled rice, retort pouch 
boiled rice, nonglutinous rice flour, glutinous rice flour, dumplings, rice crackers, and rice chips; and toppings. 

45 [0041] The foods also include confectione1y products, eit~;er Japanese or European, such as chocolates, candies, 
drops, chewing gums, baked confections, cakes, and sweet bean-jam buns. 
[0042] The foods also include processed meat products, such as ham, sausage, and hamburgs; and processed marine 
products, such as steamed fish paste, baked fish paste, fried fish paste, and fish sausage. 
[0043] The foods also include dairy products, such as butter, cheese, ice cream, and yogurt. 

50 [0044] The foods also include beverages, such as alcoholic beverages, e.g., beer, sake, whisky, brandy, sho-chu 
(Japanese distilled liquor), distilled liquors, sparkling alcohol, wines, and fruit wines: coffee, tea, green tea, woolong tea, 
Chinese tea, cocoa, carbonated beverages, nutritious drinks, sports drinks, coffee drinks, lactic acid beverages, fruit 
juices, and fruit drinks. 
[0045] The foods also include processed fat and oil products, such as margarine, shortening, mayonnaise, and cream. 

55 [0046] The foods also include seasonings and sauces, such as spices, dips, dressings for meat, salad dressings, 
Worcester sauce, miso, soy sauce, sauce mixes, e.g., curry sauce mixes and hashed beef sauce mixes; soups, such 
as corn soup, potato soup, and pumpkin soup; jams, peanut butter; and toppings. 
[0047] The foods also include preserved foods, such as canned or bottled foods of fishes and shells, meats, fruits, 
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vegetables, mushrooms, corned beef, jams, tomatoes, etc.; frozen foods; retort pouch foods, such as curry, stew, meat 
sauce, ma-po tofu, stew of meat with vegetables, soups, and boiled rice; and powdered foods, such as instant powder 
foods, e.g., powdered beverages, powdered soups, and powdered miso soup. 
[0048] The foods also inc!ude special health foods, sue~, as baby foods (e.g., weaning foods), invalid diets (e.g., iiquid 

5 diets), diets for the old, fat-reducing diets, and supplementary foods. 
[0049] The foods also include microwave foods ready to be reheated or cooked. 
[0050] The foods also include staple diets such as bread, noodles, and rice. 
[0051] The foods also include those easy to take everyday or regularly. 
[0052] The foods also include those easy to add to other foods. 

10 [0053] The foods also include those which tend to be insufficient, those necessary for holding biobaiance, and those 
which, when combined with other foods, result in better nutriment 
[0054] The foods also include those, when combined with other foods, result in a synergetic effect. 
[0055] The fat and oil emulsified composition will be described in more detail. 
[0056] The fat and oil emulsified composition according to the present invention is not particularly limited as long as 

1" it comprises fat and oil, water, and ~-glucans extracted from a gramineous plant. 
[0057] The extracted p-glucan content in the fat and oil emulsified composition is preferably 0.005 to 20°/0 by weight, 
stiii preferably 0.5 to 5% by weight. 
[0058] The fat and oil emulsified composition includes oil-in-water (O/W) emulsions, water-in-oil (W/O) emulsions, 
and double emulsions, i.e., O/W/O emulsions and W/O/W emulsions, and more complex multiple emulsions. Specific 

20 exan1ples of these e~nu!sions are n1argarine, fat spread) butter crean\ custard crearn, flour paste) whipped crearn, 
mayonnaise, dressings, white sauce, tartar sauce, milk creams (mainly comprising raw milk, milk or a residue after 
removing components other than milk fat from milk) used in ice cream, cakes, etc. or with coffee, and cooking creams 
(raw cream, creme chantily or creme fouette, cream for entremets, cream for patisserie, butter cream, creme patissiere, 
creme anglaise, and creme Saint Honore). These fat and oil emulsified compositions are obtained with excellent emulsion 

25 stability, flavor, and texture. In the case of sour oil-in-water emulsions such as mayonnaise, the effect of softening 
sourness is manifested to provide a natural vinegar flavor. 
[0059] The amount of fat and oil is not particularly limited and decided according to the type of the emulsified compo-• 
sitions. For example, the fat and oil content of oil-in-water emulsified compositions is preferably 4 to 85% by weight, still 
preferably 4 to 70°;;, by weight, pa1iicularly preferably 4 to 50% by weight, and that of water-in-oil emulsified compositions 

30 is preferably 40 to 95% by weight, still preferably 45 to 90'1/.o by weight, particularly preferably 50 to 80% by weight. 
[0060] The water content is not patticular!y limited and decided according to the type of the emulsified compositions. 
For example, the water content in oil-in-water emulsified compositions is preferably 15 to 95% by weight, still preferably 
30 to 95% by weight, and that in water-in-oil emulsified compositions is preferably 5 to 45% by weight, still preferably 
10 to 30% by weight. 

35 [0061] The fat and oil emulsified compositions containing p-glucans extracted from a gramineous plant are prepared 
by adding r-glucans to the aqueous phase and/or the oily phase, and the aqueous phase and the oily phase are emulsified 
in a usual manner. 
[0062] If desired, the resulting fat and oil emulsified composition of the present invention may be homogenized by 
means of a homogenizing machine, such as a valve homogenizer, a homomixer, and a colloid mill. If desired, the fat 

40 and oil emulsified composition may be subjected to pasteurization or heat sterilization treatments, such as UHT treatments 
by a direct heating system (e.g., injection or infusion) or an indirect heating system by use of a p!ate, tubu!ar or scraped­
surface heat exchanger, HTST treatments, a batch treatment, a retort treatment, and microwave heating, or cooking on 
the fire. According to necessity, the composition may be subjected to re-homogenization. If necessary, the composition 
may be subjected to a cooling operation such as rapid cooling or slow cooling. If necessary, the composition may be 

45 subjected to aging. Furt~;er, the fat and oil emulsified composition thus obtained may be refrigerated or frozen for storage, 
if needed. 
[0063] In preparing the fat and oil emulsified composition of the present invention, emulsification, homogenization, 
mixing or preparation of raw materia!s can be carried out with mixing, kneading or stirring equipment of various kinds 
commonly employed with no particular restriction. Examples are propeller agitators, oscillatory mixers, orifice mixers, 

50 paddle agitators, agitation emulsifiers (homomixer), cutter mixers, co kneaders, conches, silent cutters,jet mixers, vacuum 
agitators, screw mixers, static mixers, cutting mixers, sonicators, kneaders, rolls, Hydrossure, pipeline mixers, universal 
mixers, pin machines, colloid mills, homogenizers (high-pressure homogenizers), jet homogenizers, ball cutters, and 
ribbon mixers. It is preferred to use an agitation emulsifier (homomixer) and/or a homogenizer (high-pressure homoge­
nizer), a jet homogenizer or a colloid mill. Equipment used for heating or cooling includes indirect heating systems using 

55 a scraped surface heat exchanger, e.g., Cont~;erm scraped surface heat exchanger (manufactured by Tetra Laval Food), 
Thermoclinder (manufactured by lwai Kikai), a surface scraped heat exchanger (manufactured by Izumi Food Machinery 
Co., Ltd.), CP-Rotorpro scraped surface heat exchanger (manufactured by APV) or Terlotherm scraped surface heat 
exchanger (manufactured by Terlet), and steam injection direct heating systems, e.g., Steam Nozzle (manufactured by 
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lwai Kikai), Noritake Cooker (manufactured by Noritake Company), and Steam Injection (manufactured by Tetra Pack). 
[0064] The fat and oil emulsified composition of the present invention exhibits excellent emulsion stability without using 
conventional emulsifiers, particularly synthetic emuisifiers, and resistance to freezing or microwave cooking and has 
good taste and texture and, in addition, a bioregulatory function. As a matter of course, the composition may contain 

5 other components effective on emulsification and emulsion stabilization, such as natural emulsifiers, enzymatically 
treated substances, and thickening polysaccharides, e.g., substances originated in eggs, miik, soybeans or gramineous 
cereals or enzyme-treated substances thereof. 
[0065] Examples of such natural emulsifiers or enzymatically treated substances which can be used as an emulsifier 
include lecithins (e.g., soybean lecithin and egg yolk lecithin), eggs (whole eggs, egg white or egg yolk), milk, ground 

10 or dried soybeans, flours of grains, such as wheat and bariey, proteins separated from these food materials such as 
egg protein, defatted milk powder, milk protein, whey proteins, (e.g., a-lactalbumin, ~-lactoglobulin, and serum albumin), 
milk serum protein, casein, sodium casein, and other milk proteins, egg white albumin, ovomucoid, low-density lipoprotein, 
high--density lipoprotein, egg proteins (e.g., phosvitin, livetin, phosphoglycoprotein, conalbumin, and ovomucoid), proteins 
of grain origin, such as wheat proteins (e.g., gluten and gliadin), zein, gluten in, and prolmnine, soybean protein isolate, 

1" and other vegetable and animal proteins, protein-polysaccharide complexes, and substances left after removing com­
ponents other than milk fat from raw milk, processed milk, concentrated milk, raw sheep milk, etc. Enzyme-treated 
substances obtained by contact reaction between these materials with enzymes, for example, soybean protein hydro­
lyzate, wheat protein hydrolyzate, milk protein hydrolyzate, and egg protein hydrolyzate, are also useful. One or more 
of these substances can be used in combination. The amount of these substances to be added is not particularly limited 

20 and can be varied appropriately. They are added in generally adopted amounts, for example, 0.01 to 15% by weight 
based on the composition of t~,e present invention. 
[0066] Any enzyme that is expected to modify the materials such as eggs, milk, soybeans and grains to improve 
emulsifying capabilities can be used to obtain the above--mentioned enzyme-treated substances. Such enzymes include 
amylases, e.g., a-amylase, ~-amylase, and glucoamylase), cellulases (e.g., cellulase and hemicellulase), proteases, 

25 lipases (e.g., lipase and phospholipase), glucose oxidase, lipoxygenase, lactase, invertase, pentonase, pectinase, cat­
alase, ascorbic acid oxidase, sulfhydryl oxidase, and hexose oxidase. The term "amylase" denotes one or more amylases 
selected from the group consisting of a-amylase, isoamylase, and glucoamylase. Amylases produced by microorganisms 
belonging to the genera Bacillus, Pseudomonas, Aspergillus, Rhizopus and Klebsiella are preferred. 
[0067] Flour of grains includes crude or refined flour of rices, wheats, maizes, sorghums, barnyard millets, foxtail 

JO n--iillets, rniHets, barleys) oats, and ryes. VVheat flour inc!udes bread flour, iess strong bread flour1 an purpose flour, cake 
flour, and durwn flour. Buckwheat flour, soybean flour are also usable. 
[0068] The thickening polysaccharides include pullulan, psyllium, gum arabic, gellan gum, glucomannan, guar gum, 
xanthan gum, tamarind gum, carrageenan, alginic acid alkali metal salts, farceran, locust bean gum, pectin, curdlan, 
crystalline cellulose, CMC, gelatin, dextrin, agar, dextran, and low-molecular compounds obtained therefrom. These 

35 polysaccharides may be used either individually or as a combination of two or more thereof. A preferred content of the 
thickening polysaccharides is 0.1 to 5% by weight, particularly 0.5 to 3% by weight With a thickening polysaccharide 
content less than 0.1 %, by weight, the composition tends to have poor shape retention. With contents exceeding 5% by 
weight, the composition tends to be ~,ard and hardly melt in the mouth. 
[0069] It is possible to add, to the fat and oil emulsified composition of the present invention, food additives or foods 

40 such as emulsifiers, gelling agents, thickeners, and stabilizers other than those described above as long as the effects 
of t~,e present invention are not impaired. The foods or food additives are not particularly limited as far as they are edible. 
Examples of the emulsifiers are fatty acid monoglycerides, sorbitan fatty acid esters, propylene glycol fatty acid esters, 
sugar esters, polyoxyethylene sorbitan fatty acid esters, Tween, polyoxyethylene sorbitan trioleate, polyoxyethylene 
sorbitan monooleate, polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan monopalminate, and poiyox-

45 yethylene sorbitan monolaurate. Examples of the thickeners and stabilizers are starch, modified starch, and gelatinized 
starch. Additional useful food additives or foods include saccharides, such as glucose, fructose, sucrose, maltose, 
enzyme-saccharified sugar (thick malt syrup), lactose, reducing starch saccharification products, isomerized liquid sugar, 
sucrose-coupled malt syrup, oligosaccharides, reducing sugar polydextrose, sorbitol, reduced lactose, tre~;alose, xylose, 
xylitol, maltitol, erythritol, mannitol, fructo-oligosaccharides, soybean oligosaccharides, galacto-oligosaccharides, lacto-

50 sucrose, raffinose, lactulose, palatinose-oligosaccharides, stevia, and Aspartame; stabilizers, such as phosphoric acid 
salts (e.g., hexametaphosphoates, secondary phosphates and primary phosphates) and aikaii metai (e.g., potassium 
or sodium) salts of citric acid; inorganic salts, such as sodium chloride, rock salt, sea salt, and potassium chloride; souring 
agents, such as acetic acid, lactic acid, gluconic acid, citric acid, succinic acid, malic acid, and ascorbic acid; colorants, 
such as p-carotin, caramel, and Monascus color; antioxidants, such as tocopherol and tea extract; flavors, such as milk 

55 flavor, vanilla flavor, vanilla essence, chocolate flavor, strawberry flavor, and c~;eese flavor; dairy products, seasonings, 
pH adjusters, enzymes, food preservatives, shelf life extenders, fruits, fruit juices, coffee, nut pastes, spices, cacao 
mass, and cocoa powder. Two or more of these additives can be used in combination. The amounts of the additives to 
be added are not particularly limited. They can be added in general amounts, for example, 0.01 to 15% by weight based 
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on the composition of the present invention. 
[0070] It is particularly preferred to add tocopherol to improve antioxidation stability of the fat and oil emulsified com­
position. 
[0071] Application of t~,e fat and oii compositions to bakery products will then be described. The bakery products 

5 contain the aforementioned fat and oil composition containing ~-glucans extracted from a gramineous plant. The bakery 
products inciude those produced by (a) preparing dough by mixing the fat and oii composition as a part or the whole of 
conventional fat and oil with water and, in addition, secondary raw materials suited to t~,e product, such as fats and oils, 
emulsions, sugars, dairy products, eggs, yeast, yeast food, oxidizing agents, reducing agents, various enzymes, and 
emulsifiers, which are added either aii at once or in divided portions and (b) subjecting the resulting dough, either as 

10 prepared or after ferrnentation, to a heating treat~nent, such as steaming) baking, frying, and boiiing 1 or (b 1

) preserving 

the resulting dough by refrigeration or freezing and then (b) subjecting the dough to a heating treatment, such as steaming, 
baking, frying, and boiling. The bakery products include breads (e.g., pancakes, crepe, sponge cakes, doughnuts, dessert 
bread, loaves of bread, hot dog buns, Danish pies, French bread, rye bread, hard rolls, and Danish pastries), pies, 
kasutera (Japanese style sponge cake), butter cakes, puff pastries, waffles, biscuits/cookies, crackers, and fermented 

1" confections. The method of preparing dough is not particularly limited, except that a part of or the whole of the fat and 
oil which has been conventionally used in dough preparation is substituted with the fat and oil composition containing 
13-glucans extracted from a grwnineous plant according to the present invention. In making bread as an example of the 
bakery products, bread dough is prepared from general raw materials of bread, such as wheat flour, water, yeast, sugar, 
and edible salt, and the edible fat and oil composition containing 13-glucans extracted from a gramineous plant by a 

20 known dough preparation method. For instance, after mixing the other materials, the fat and oil composition containing 
!3-glucans extracted from a gramineous plant may be folded into t~,e mix. The dough is then fermented, shaped, and 
baked in a usual manner. Similarly, the fat and oil composition containing ~-glucans extracted from a gramineous plant 
can be used as a substitute for a part of or the whole of fat and oil for folding (roll-in fat and oii) or fat and oil for dough 
and batter in making folded pies; or pieces of fat and oil in the form of chips, straws, etc. in making pie crusts: orfoamable 

25 emulsified fat and oil or liquid oil for cakes in making sponge cakes. 
[0072] Where the production of bakery products involves a baking step, if barley grains or barley flour is added as 
such as a j3-glucan supply source or even when ~--giucans extracted from a gramineous plant is added to dough or a 
powder mix, which is then kneaded into dough, lumps are easily formed in the dough. Dough having such lumps only 
provides a bakery product with a rough or grainy texture or a strange texture due to non-uniformity of the water content 

30 or hardness. To the contra1y, use of the fat and oil composition containing 13--glucans extracted from a gramineous plant 
provides dough having the p-glucans extracted from a gramineous plant uniformly dispersed t~;erein with very few lumps, 
which finally gives a baked product with a good texture, not only free from a strange texture but with greatly improved 
softness. The fat and oil composition of the present invention is preferably used in an amount of 0.05 to 30%, by weight, 
in terms of the !3-glucans extracted from gramineous plants, based on the grain flour content of t~,e bake1y product. 

35 [0073] In using the fat and oil composition in the bakery products, the bakery products can additionally contain at least 
one additive selected from the group consisting of an emulsifier, an oxidizing agent, and an enzyme and a glucide having 
at least one of an 1-2-cx.--D--giucopyranose bond, an 1--3--;x-D-glucopyranose bond, an 1-4--o,-D-glucopyranose bond, and 
an 1-6-a-D-glucopyranose bond, D-fructose or a saccharide containing D-fructose. 
[0074] The emulsifier is preferably at least one selected from fatty acid monoglycerides, diacetyltartaric esters, and 

40 sucrose fatty acid esters. Still preferred are diacetyltartaric esters, such as diacetyltartaric acid monoglyceride and 
diacetyltartaric acid diglyceride. Lecithin, sorbitan fatty acid esters, propylene glycol fatty acid esters, sugar esters, and 
the like are also useful as the emulsifier. 
[0075] The emulsifier is preferably used in an amount of 1 to 300 parts by weight per 100 parts by weight of the ~­
glucans extracted from a gramineous plant and 0.01 to 5% by weight, particularly 0.08 to ·1 % by weight, based on the 

45 grain flour in the bakery product 
[0076] The diacetyltartaric acid monoglyceride, which is preferably used as the emulsifier, is not particularly limited 
by the process of preparation and is usually obtained by reacting diacetyltar1:aric anhydride with a mixture of a monoglyc-­
eride and a diglyceride in the presence of acetic acid or esterifying a mixture of a monoglyceride and a diglyceride with 
tartaric acid and acetic acid in the presence of acetic anhydride. Accordingly, the diacetyltartaric acid monoglyceride 

50 which is preferably used in the present invention is usuaily obtained as containing diacetyltartaric acid diglyceride. 
Diacetyltartaric acid monoglyceride in an aqueous solution or an oil--in-water emulsion has a pH ranging from about 1.3 
to 1.9. The composition used in the bakery products of the present invention preferably has its pH adjusted within 3.0 
to 10.0, particularly 4.5 to 8.5, to improve stability. If necessary, the pH is adjusted by addition of a base or a salt having 
a pH adjusting action. Any base or salt that has a pH adjusting action and is permitted to be added to foods can be used. 

55 Preferred bases or salts include such bases as ammonia, calcium ~,ydroxide, sodium hydroxide, and potassium hydrox­
ides; sodium, potassium, ammonium or calcium salts of acetic acid, carbonic acid, phosphoric acid, succinic acid, glutamic 
acid, ascorbic acid, tartaric acid, etc.; and sodium hydrogencarbonate. 
[0077] The oxidizing agent which can preferably be used in the bakery products is at least one selected from cystine 
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and ascorbic acid. Ascorbic acid is still preferred. 
[0078] The oxidizing agent is preferably used in an amount of 0.01 to 15 paIis by weight per 100 parts by weight of 
the 13--glucans extracted from a gramineous plant and 0.0001 to 0.2% by weight, particularly 0.0005 to 0.1 % by weight, 
based on the grain flour in the bakery product. 

5 [0079] The enzymes which can be used in the bakery products include any kind having improving effects in bread­
making. At least one enzyme selected from the group consisting of amylases, proteases, ceiiulases, and hemicellulases 
is preferably used. Other useful enzymes include lipases, glucose oxidase, lipoxigenase, lactase, invertase, pentonase, 
pectinase, catalase, ascorbic acid oxidase, sulfhydryl oxidase, hexose oxidase, and transglutaminase. 
[0080] The enzyme content varies depending on the purity of enzyme preparations or the kind of the enzyme. In using 

10 a commercially available enzyme preparation, for example, an advisable amount is 0.01 to 100 parts by weight, preferably 
0.05 to 30 parts by weight, per 100 parts by weight of the p glucans extracted from a gramineous plant. 
[0081] The enzymes to be used will be described in greater detail. The term "amylase" denotes one or more amylases 
selected from the group consisting of a-amylase, isoamylase, and glucoamylase. Amylases produced by microorganisms 
belonging to the genera Bacillus, Pseudornonas, Aspergillus, Rhizopus and Klebsiells are preferred. Commercially 

1" available amylase preparations can be utilized. Commercially available a-amylase preparations include Amylase AD 
Amano and AH Amano from Amano Seiyaku K.K.; Termamyl and BAN from Novo Nordisk Bioindustry Ltd.; Uniase BM-
8 frorn Yakult Honsha Co., Ltd.; Spitase HS, HK, PN-4, Al, and LH from Nagase Seikagaku Kogyo K.K.; Sumizyme L 
from Shin-Nihon Kagaku Kogyo K.K.; Kleistase frorn Daiwa Fine Chemicals Co., Ltd.; Rohalase AT from Rohrn Enzyme 
GmbH; liquefied enzymes T, K, and SS from Ueda Kagaku K.K.; Biozyme C and L from Amano Seiyaku K.K., and Uniase 

20 L from Yakult Honsha Co., Ltd. Commercialiy available isoamylase preparations include Pluiianase Amano and DB-1 
from Amano Seiyaku KK; and Promozyme from Novo Nordisk Bioindustry Ltd. Commercially available glucoamylase 
preparations include Glucozyme NL and AF6 from Amano seiyaku K.K.; Sumizyme S, SG, AN, AD, and AL from Shin­
Nihon Kagaku Kogyo K.K.; AMG and Dextrozyme from Novo Nordisk Industry Ud.; Glucozyme from Nagase Seikagaku 
Kogyo K.K.; Uniase K frorn Yakult P~;armaceutical Ind. Co., Ltd.; Glutase 600 and AD from Hankyu Bioindustry K.K.; 

25 Kokugen and Daizyme from Daiwa Fine Chemicals Co., Ltd.; and Kokulase G2 and Sanzyrne from Sankyo Co., Ltd. All 
these enzyme names are trade names. 
[0082] The proteases can be of any origin, such as the genus Bacillus, Therm us or Aspergillus, plants, and animals. 
Preferred proteases are of the genus Bacillus, Thermus or Aspergillus or plants. The proteases can be used either 
individually or as a combination of two or more thereof. Commercially available protease preparations can be utilized. 

30 Examples of commercially available protease preparations are Protease N Amano, P Amano, and S Amano from Amano 
Seiyaku K.K.; Alkalase and Neutrase frorn Novo Nordisk Bioindustry Ltd.: Sumizyrne LP from Shin-Ni hon Kagaku Kogyo 
K.K.; and Thermoase from Daiwa Fine Chemicals Co., Ltd. All the enzyme names recited above are trade names. 
Pepsin, trypsin, chymotrypsin, papain, and chymosin (rennet) are also usable. 
[0083] The cellulases preferably ineiude those originated in t~,e genus Trichoderma, Aspergillus or Fusarium. Corn-

35 mercially available various cellulase preparations can be made use of either individually or as a combination of two or 
more thereof. Examples of such preparations are Cellulase A and T from Amano Seiyaku K.K.; Sumizyme AC and C 
from Shin--Nihon Kagaku Kogyo K.K.; Cellulase XP and Celluzyme from Nagase Seikagaku Kogyo K.K.; Cellulase 
Onozuka and Y-NC from Yakult P~;armaceutical Ind. Co., Ltd.; Meicelase TP, TL and HP from Meiji Seika Kais~;a, Ltd.; 
Driserase from Kyowa Hakko Kogyo Co., Ltd.; and GODO-TCL and TCL-H from Godo Shusei Co., Ltd. All the enzyme 

40 names recited above are trade names. 
[0084] Commercially available various hemiceilulase preparations can be used as the hemicellulase either individually 
or as a combination of two or more thereof. Examples of the hemicellulase preparations are Hemicellulase Amano from 
Amano Seiyaku K.K.; Sumizyme X from Shin-Nihon Kagaku Kogyo K.K.; Olivex from Novo Nordisk Bioindustry Ltd.; 
Cellulosin HC, B, TP25 and GM5 from Hankyu Bioindust1y K.K.; and c;oDO-TXl. from Godo Shusei Co., Ltd. All these 

45 enzyme names are trade names. 
[0085] The lipases preferably include those of the genus Aspergillus, Rhizopus or Pseudomonas origin. Various 
commercially available lipase preparations can be used either individually or as a combination of two or more thereof. 
Such lipase preparations include Lipase A Amano or P Amano from Arnano Seiyaku K.K.: and Lipase (Saiken) from 
Nagase Seikagaku Kogyo KK All these enzyme names are trade names. 

50 [0086] The glucide having at least one of an 1-2-a-D-glucopyranose bond, an 1-3-o:-D-glucopyranose bond, an 1-4-
u,-D-glucopyranose bond, and an 1-6-o:.--D--glucopyranose bond which can be used in the bakery products includes starch 
and glycogen, which are 1-4-o:-glucans having an 1-4-a-D-glucopyranose bond; dextran, which is an 1-6-a-glucan having 
an 1-6-a-D-glucopyranose bond, and mucin which is an 1-3,1-6-o:-g!ucan having an '1-3-a-D-glucopyranose bond and 
an 1--6-;x--D-glucopyranose bond. 

55 [0087] A preferred glucide content is such that the ratio of the !3-g!ucans extracted from a gramineous plant to the 
glucide ranges from 1i1000 to 0.35i1 by weight 
[0088] The [) .. fructose or a saccharide containing [}.-fructose which can be used in the bakery products includes purified 
D-fructose, honey, sugar, isomerized sugar, and juices of pears, watermelons, etc. 
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[0089] A preferred content of D-fructose or the saccharide containing D-fructose is such that the ratio of the ~-glucans 
extracted from a gramineous plant to the □-fructose or the saccharide containing D-fructose ranges from 1 /40 to 15/1 
by weight. With this amount, the dough is easy to work with, and bakery products with a good texture, softness, and 
good volume can be obtained. Even when frozen, the dough provides bakery products excellent in anti-staling properties. 

5 Where D-fructose or the saccharide containing D-fructose is used in an amount of 0.1 part by weight or more in terms 
of D--fructose per 100 parts by weight of the grain flour of the bakery product, the dough is easy to work with, and bakery 
products with a good texture, softness, and good volume can be obtained. Even when frozen, the dough provides bakery 
products exceiient in anti-staling properties. 
[0090] For use in bakery products, the fat and oil composition can contain various additives and vehicles. 

10 [0091] Such additives and vehicles inc!ude food additives and foods, such as grain flour) yeast) yeast food 1 fat and 

oil, a fat and oil emulsified composition (e.g., a water-in-oil emulsion or an oil-in-water emulsion), wheat gluten, expanding 
agents (e.g., ammonium hydroge4ncarbonate and sodium hydrogencarbonate), bleaching agents (e.g., ammonium 
persulfate), water, an aqueous solution containing an alcohol, a polyhydric alcohol, a salt, an acid, an alkali, etc., gelling 
agents, thickeners, and stabilizers. These additives are not particularly limited as far as t~;ey are edible. For examples, 

1" fats and oils which can be added include soybean oil, rapeseed oil, mustard oil, cotton seed oil, safflower oil, sesame 
oil, com oil, peanut oil, kapok oil, sunflower oil, rice oil, rice bran oil, coconut oil, palm oil, palm kernel oil, linseed oil, 
castor oil, oiive oil, cocoa butter, tung oil, camellia oii, illippe butter, Borneo tallow, Mowra~,, sal butter, borage oil, !auric 
acid fat and oil, hard butter, shea butter, oleic acid-linoleic acid fat and oil, erucic acid oil, linolenic acid oil, conjugate 
acid oil, oxyacid oil, Cuphea oil, crambe ( Crambeabyssinica) seed oil, meadowfoam oil, lesquerella (Lesquerel/a fenderli) 

20 seed oil, macadamia oil, evening primrose ( Oenolhera biennis and Oenothera /amarkiana) seed oil, oil of seeds of 
borage (Borago officina/is) from the Boraginaceae family, oil of seeds of amaranth (Amamnthus L; an annual plant of 
the Amaranthaceae family), pine seed oil, avocado oil, grapeseed oil, oil of dry microbial cells of the filamentous fungus 
Mortierel/a aipina, lipid of dry microbial cells of Labyrinthulae belong to Xanthophyta, lipid of dry microbial cells of 
Schizochytrium sp. belonging to Labyrinthulomycota, lipid of CiJ·ptfwcodinium cohnii, butter lipid, ghee butter, milk fat, 

25 beef tallow, lard, sheep tallow, fats and oils of other land animals, fish oil, whale oil, cod liver oil, fats and oils of other 
marine animals, short chain fatty acid-containing fats and oils, middle chain fatty acid-containing fats and oils, y-oryzanol, 
y--linolenic acid--containing fats and oils, o:--linolenic acid--containing fats and oils, docosahexaenoic acid (DHA)--containing 
fats and oils, eicosapentaenoic acid (EPA)-containing fats and oils, plant sterol-containing fats and oils, trans acid­
containing fats and oils, hydroxy acid-containing fats and oils, conjugated fatty acid-containing fats and oils, polyphenol-

JO containing fats and oils, phospholipid-,containing fats and oiis, sphingolipidsJ tocotrienoi-•containing fats and oils) sitostanol 
fatty acid-containing fats and oils, n-3 polyunsaturated fatty acid-containing fats and oils, diglycerides, and other vegetable 
or animal fats and oils; processed oiis derived from these fats and oils according to necessity, such as hydrogenated 
oils, slightly hydrogenated oils, hydrogenation isomerized oils, interesterified oils, and fractionated oils, fats and oils 
processed by two or more of these processes, and mixtures of two or more of these processed fats and oils. Additionally, 

35 emulsions (including W/O emulsions, OiW emulsions, double emulsions, i.e., OiWiO emulsions and W/O/W emulsions, 
and more complex multiple emulsions) of these edible fats and oils are also useful. Examples of the thickeners and 
stabilizers are puiiulan, psyllium, gum arabic, ge!!an gum, glucomannan, guar gum, xanthan gum, tamarind gum, car­
rageenan, alginic acid salts, farceran, locust bean gum, pectin, curd Ian, and low-molecuiar compounds obtained from 
these substances, starch, modified starch, gelatinized starch, crystalline ceilulose, geiatin, dextrin, and agar. Additional 

40 useful food additives or foods include saccharides, such as glucose, maltose, enzyme-saccharified sugar (thick malt 
syrup), iactose, reducing stare~, sacc~;arification products, isomerized liquid sugar, sucrose-coupled mait syrup, oligosac­
charides, reducing sugar polydextrose, sorbitol, reduced lactose, trehalose, xylose, xylitol, maititol, erythritol, mannitol, 
fructo-oligosaccharides, soybean oligosaccharides, galacto-oligosaccharides, lactosucrose-oligosaccharides, raffinose, 
lactulose, palatinose--oligosaccharides, stevia, and Aspartame; stabilizers, such as phosphoric acid salts (e.g., hexam-

45 etaphosphorates, secondary p~;osphates and primary phosphates) and aikaii metal (e.g., potassium or sodium) salts of 
citric acid; proteins, such as whey proteins, (e.g., a-lactalbumin, ~-lactoglobulin, and serum albumin), casein and other 
milk proteins, !ow-density lipoprotein, high-density lipoprotein, egg proteins (e.g., phosvitin, iivetin, phosphoglycoprotein, 
ovalbumin, conalbumin, and ovomucoid), w~;eat proteins (e.g., gliadin, glutenin, prolamine, and glutelin), and other 
vegetable and animai proteins; inorganic salts, such as sodium chloride, rock salt, sea salt, and potassium chloride; 

50 souring agents, such as acetic acid, lactic acid, and gluconic acid; colorants, such as ~-carotin, caramel, and Monascus 
color; antioxidants, such as tocopherol and tea extract; eggs, such as whole eggs, egg yolk, egg white, and enzyme-­
processed eggs; cereals, such as bread flour, allpurpose flour, and cake flour; beans, such as soybean powder; water, 
flavors, dairy products, seasonings, pH adjusters, food preservatives, shelf life extenders, fruits, fruit juices, coffee, nut 
pastes, spices, cacao mass, and cocoa powder. Two or more of these additives can be used in combination or in the 

55 form of a compiex thereof. 
[0092] In addition to the above-mentioned materials, any other material that is usually used in bakery products and 
bakery product dough can be used in the bakery products and bakery product dough according to the present invention. 
The present invention is applicabie to any breadmaking processes, sue~, as a sponge-dough process and a straig~,t 
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process. The time of adding the fat and oil composition of the present invention is not limited. Where the sponge-dough 
process is applied, the fat and oil composition may be added in the stage of preparing a sponge or in the stage of 
preparing a dough. 
[0093] In the present invention it is preferred that the starch in the bakery product dough be pattiaiiy gelatinized into 

5 a-starch before baking to enhance a favorable flavor or texture. The partial gelatinizafon can be effected by adding 
previously gelatiniz.ed starch of wheat, rice, maize, potato, cassava, taro, etc. or a raw material containing it to the dough 
or by adding starch or a raw material containing starch to the dough and gelatinizing the starch by heating, addition of 
hot water, steaming or roasting. For example, hot water can be added to part of wheat flour to convert it into a-starch, 
or part of wheat flour may be steamed. 

10 [0094] Where applied to non--yeast bakery products) such as biscuits and pizza crusts 1 the fat and on cornposition of 
the present invention gives an increased crispy texture. 
[0095] The fat and oil composition applied to bakery products supplies r-glucans having excellent bioregulatory func­
tions without being accompanied with reductions of taste and texture. Further, since the fat and oil composition produces 
the same effects as have been obtained by the conventional additives ~,aving various quality improving effects, it makes 

1" it possible to reduce the amounts of the conventional additives to be used, making contribution to improvement in taste 
and texture of bakery products without impairing the flavor of the products. Furthermore, the fat and oil composition 
makes it feasible to provide bakery products which meet the consumers's trends to naturally occurring substances, 
safety, and health. 
[0096] Application of the fat and oil composition to confectionery products will then be described. In an embodiment 

20 of confectionery product production, dough is prepared by using the fat and oil con1position containing 13--glucans extracted 
from gramineous plants of the present invention as a part of or the whole of conventionally employed fats and oils, and 
the resulting dough is further processed. Confectionery products according to this embodiment include deep-fried prod­
ucts such as snacks and doughnuts and steamed products, such as steamed cakes and bean-jam buns. Confectionery 
products in another embodiment include candies, gums, chocolates, and tablets prepared by mixing the oil and fat 

25 composition containing p-glucans extracted from a gramineous plant with sugar, flavors, and the like and, if necessary, 
solidifying and molding the mixture. Cold desserts, such as ice cream and sherbet, are also included under confectionery 
products. 
[0097] In making confectionery products, where weight is put on not only flavor but taste, particularly sweetness, it is 
important to eliminate lumps. Even a very small lump would cause a strange feeling and ruin the commercial value. 

JO Since the fat and oil con1position according to the present invention previously contains the j3-giucans extracted fron--i a 
grarnineous plant uniformly, even when it is added to and mixed with a premixed material, t~;ere is provided a final 
confectionery product which contains the p-glucans extracted from a gramineous plant in a uniformly dispersed state 
with no lumps, gives no strange feeling, and has a good flavor. 
[0098] The fat and oil composition according to the present invention can be added to foods or drugs containing a 

35 food ingredient having a prophylactic action for habitual diseases (or life style-related diseases) to enhance the action. 
Example of such foods or drugs are those containing unsaturated higher fatty acids regulating a blood lipid concentration 
(e.g., EPA and DHA), plant sterols regulating blood serum cholesterol and esters thereof, diacylglycerol, 1-linolenic acid, 
u,-linolenic acid, beet fiber, corn (maize) fiber, psyllium seed coat, tea polyphenoi, lecithin; dried bonito peptide, sardine 
peptide, casein dodecapeptide, and soybean protein isolate which are effective in lowering blood pressure; and lactic 

40 acid bacteria, gluconic acid, oligosaccharides, and various dietary fibers which improve the intestinal environment to 
regulate the intestines. Further, foods or drugs with enhanced bioreguiatory functions can be obtained by adding to the 
fat and oil composition of the present invention substances known to have heaith improving functionaiity, such as 
Chlorella, spirulina, propolis, chitin, chitosan, nucleic acids, leyss ( Ganoderma /ucidum), agaricus, ginkgo leaf extract, 
lakanka (Lo Hon Go), turmeric, garcinia, apple fiber, gymnema, collagen, blueberry, aloe, saw palmetto, plantfermentation 

45 enzyme, soybean isoflavon, chlorophyll, royal jelly, Asian ginseng, prune, and herbs, such as charnornile, thyme, sage, 
peppermint, lemon balm, mallow, oregano, cat nip tea, yarrow, and hibiscus. 
[0099] When added to processed foods of rice, wheat, maize or soybeans, the fat and oil composition of the present 
invention is capable of imparting or enhancing functionality of these foodstuffs. Exampies of such processed foods are 
rice products (e.g., boiled rice, rice cake, retort pouch boiled rice, frozen boiled rice, and steriie boiled rice); processed 

50 rice products, such as rice noodles, rice chips, and rice crackers; the above-recited bakery products and confectionery 
products; noodles, such as pastas, buckwheat noodles, ucfon noodles, houtou noodles, Chinese noodles, packaged 
instant noodles, and instant cup noodles; other wheat processed foods; breakfast cereals or processed maize products 
such as corn flakes; and processed soybean products, such as tofu, soybean milk, soybean milk beverages, yuba 
(soybean miik skin), thin fried Ioli;, thick fried tofi1, round fried Ioli;, soybean Jam, and miso (soybean paste). Additionally, 

55 the fat and oil composition can be added to a variety of foods, including dairy products, such as milk, processed milk, 
yogurt, whey beverages, fermented lactic acid beverages, butter, and cheese; Japanese sweets, such as yokan (bean 
jelly), uitv (steamed rice jelly), monaka (wafer with bean jam), and sweet bean jam; soups, such as potage, stew, and 
curry; seasonings, such as soy sauce, Vv'orcester sauce, dips, jams, and tomato ketchup; processed rneat products, 
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such as ham, sausage, and hamburgers; and processed marine products, such as steamed fish paste, baked fish paste, 
fried fish paste, and fish sausage. 
[0100] Application of the fat and oil composition to liquid foods wiii then be described in detaiL 
[0101] The term "liquid foods" as used herein means not only liquids, such as soups and juices, but dried "liquid foods" 

5 in the form of ready-to-drink powder or solid that can be mixed with water or hot water into liquid, such as powdered 
soups and powdered juices. 
[0102] The liquid food of the present invention can be obtained by adding the p-glucan-containing fat and oil composition 
to a liquid food, such as a beverage or soup. In adding, the mixture is mixed by stirring, if necessary, under heating. A 
conventional food emulsifier may be added to prepare an emulsion. The mixing means to be used is not particularly 

10 lin1ited, and ~nixing devices, such as a rnixer, can be used. 
[0103] While the amount of the fat and oil composition to be added to a liquid food is not particularly limited, it is 
preferable to add the fat and oil composition in such an amount that the resulting liquid food may contain 0.1 to 30%, by 
weight, particularly 0.5 to 20% by weight, of the extracted j3-glucans. With an extracted B-glucan content iess than 0.1 %, 
by weight, the !3-glucans may fail to exhibit their functional effects. If the content exceeds 30% by weight, the extracted 

1" f1-glucans can reduce the quality of the food as a whole. 
[0104] In order to further suppress non-uniform distribution of the B-glucans or the liquid food containing the B-glucans 
due to lump formation, and the like, it is possible to add food additives or foods, such as emulsifiers, gelling agents, 
thickeners, and stabilizers, to the liquid food. These food additives or foods are not particularly limited as long as they 
are edible. Examples of the emulsifiers are lecithin, fatty acid monoglycerides, sorbitan fatty acid esters, propylene glycol 

20 fatty acid esters, sugar esters, polyoxyethyiene sorbitan fatty acid esters, Tween, polyoxyethylene sorbitan trioieate, 
polyoxyethylene sorbitan monooleate, polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan monopalmi­
nate, and polyoxyethylene sorbitan monolaurate. Examples of the thickeners and stabilizers are pullulan, psyllium, gum 
arabic, gellan gum, glucomannan, guar gum, xanthan gum, tamarind gum, carrageenan, alginic acid salts, farceran, 
locust bean gum, pectin, curdlan, and low-molecular compounds obtained from these substances, starch, modified 

25 starch, gelatinized starch, crystalline cellulose, gelatin, dextrin, agar, and dextran. Additional useful food additives or 
foods include saccharides, such as glucose, fructose, sucrose, maltose, enzyme-saccharified sugar (thick malt syrup), 
lactose, reducing starch saccharification products, isomerized liquid sugar, sucrose--coupled mait syrup, oligosaccha .. 
rides, reducing sugar polydextrose, sorbitol, reduced lactose, trehalose, xylose, xylitol, maltitol, erythritol, mannitol, 
fructo-oligosaccharides, soybean oligosaccharides, galacto-oligosaccharides, lactosucrose-oligosaccharides, raffinose, 

JO lactulose 1 paiatinose-•oligosaccharidesJ stevia, and 1\spartarne; stabilizers, such as phosphoric acid salts (e.g., hexan1-
etaphosphorates, secondary p~;osphates and primary phosphates) and alkali metal (e.g., potassium or sodium) salts of 
citric acid; proteins, such as whey proteins, (e.g., a-lactalbumin, p-lactoglobulin, and serum albumin), casein and other 
milk proteins, low-density lipoprotein, high-density lipoprotein, egg proteins (e.g., phosvitin, livetin, phosphoglycoprotein, 
ovalbumin, conalbumin, and ovomucoid), w~;eat proteins (e.g., gliadin, glutenin, prolamine, and glutelin), and other 

35 vegetable and animal proteins; protein-polysaccharide complexes, inorganic salts, such as sodium chloride, rock salt, 
sea salt. and potassium chloride, souring agents, such as acetic acid, lactic acid, and gluconic acid, colorants, such as 
~ .. carotin, caramel, and Monascus color, antioxidants, such as tocopherol and tea extract, eggs, such as whole eggs, 
egg yolk, egg white, and enzyme-processed eggs, cereals, such as bread flour, allpurpose flour, and cake flour, beans, 
such as soybean powder, water, flavors, dairy products, seasonings, pH adjusters, enzymes, food preservatives, shelf 

40 life extenders, fruits, fruit Juices, coffee, nut pastes, spices, cacao mass, and cocoa powder. Two or more of these 
additives can be used in combination or in the form of a complex thereof. n,e amounts of the additives to be added are 
not particularly limited. They can be added in general amounts, for example, 0.01 to 15% by weight based on the resulting 
liquid food. 
[0105] Examples of the liquid foods include soups, such as consomme, corn potage, egg soup, Chinese soups, stew, 

45 and curry, juices or fruit juice beverages, such as orange juice, tomato juice, banana juice, vegetable juice, fruit juices 
with fruit, and beverages containing fruit juice, carbonated beverages, such as cola and soda pop, milk beverages, such 
as milk, processed miik, yogurt, and whey drinks, seasonings, such as soy sauce, Worcester sauce, dips, jams, and 
tomato ketchup, coffee, cocoa, tea, green tea, woolong tea, soybean rnilk, fermented lactic acid beverages, alcoholic 
beverages, such as sake, whisky, brandy, beer, sho-chu, wines, and sparkling alcohol, vitamin rich drinks, health drinks, 

50 tonic drinks, jelly drinks, nutritious drinks, sports drinks, and coffee drinks. Also included are the above-mentioned dried 
liquid foods and ready-to--drinkdriedfoodssuch as powdered soups which are mixed with hotwaterorwater, etc. into liquid. 
[0106] Application of the fat and oil composition to processed foods mainly comprising starch will then be described 
in detail. 
[0107] The fat and oii composition is preferably used in an amount of 0.05 to 30% by weight, in terms of the extracted 

55 !3-glucans, based on a processed food mainly comprising starch. 
[0108] The processed food mainly comprising starch includes any food containing, as an ingredient, starch originated 
in rice, wheat, maize, potato, cassava, taro, and so forth. Examples of the processed foods include noodles, such as 
udon noodles, buckwheat noodles, Chinese noodles, chow mein noodles, sauteed udon noodles, spaghetti, pasta, raw 
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noodles, dried noodles, packaged instant noodles, and instant cup noodles; cooked rices, such as doria, pilaf, beef bowl, 
tempura bowl, chicken-and-egg bowl, curry and rice, boiled rice, sterile boiled rice, and retort pouch boiled rice; processed 
rice products, such as rice crackers, dumplings, rice chips, and rice cakes; fried foods, such as korokk.e (Japanese style 
croquettes), deep-fried port cutlets, and tempura, and their batters; steamed buns stuffed with sweet bean jam, pork, 

5 etc.; Chinese dishes, such as shui mai, pot-stickers, spring rolls, and other Chinese snacks; Japanese pancakes, such 
as okonomi-yaki or monja•yak.i (As-you-like••it pancakes), and octopus pancakes; and premixes for pizza, pancakes, 
doughnuts, tempura, etc. Application to the aforementioned processed foods, such as frozen foods, retorted foods, and 
microwave foods, is also preferred. As a matter of course, application to foods which are to be heated or thawed in a 
microwave oven is also preferred. 

10 [0109] The present invention vviii novv be illustrated in greater detail vvith reference to Exarnpies, but it should be 
understood that the present invention is by no means limited thereto. Unless othervvise noted, all the parts and percents 
are by weight. 

Test Example 1: Measurement of p-glucan content 

[011 O] Analysis of µ-glucans was carried out according to the McCleary method (enzyme assay) with a ~-glucan assay 
kit from fVlegaZyme. Where a sample under analysis is powder, it was sieved through a 500 1.1m (30 mesh) sieve, and 
the water content was measured. A 100 mg portion of the sample was put into each 17 ml test tube, and 200 µI of a 
50% ethanol solution was added thereto to disperse the powder. Then 4 ml of a 20 mM phosphate buffer (pH 6.5) was 

20 added, and the mixture was mixed well. The mixture was heated in a boiling water bath for 1 minute. The mixture was 
mixed thoroughly and further heated in a hot water bath for 2 minutes. After the mixture was cooled to 50°C and allowed 
to stand for 5 minutes, 200 µI (10 U) of a lichenase solution was added to each tube. The lichenase solution was prepared 
by diluting the lichenase vial attached to the kit with 20 mi of the 20 mM phosphate buffer, and the rest of the enzyme 
solution was preserved in a freezer. The mixture was allowed to react at 50"C for 1 hour. Then, 5 ml of a 200 mM acetate 

25 buffer (pH 4.0) was added to each tube, followed by mixing gently. After allowing the tubes at room temperature for 5 
minutes, the system was centrifuged to obtain the supernatant liquor. The supernatant liquor (100 µI) was taken into 
three test tubes. To one of them, 100 p.l of a 50 mM acetate buffer (pH 4Jl) was added, and to each of the other two 
was added 100 µI (0.2 U) of a ~-glucosidase solution, which was prepared by diluting the glucosidase vial attached to 
the kit with 20 ml of the 50 mM acetate buffer. The rest of the enzyme solution was kept in a freezer. The system was 

JO al!ovved to react at 50'~(~ 'for ·: 0 ~ninutes. A glucose oxidase/peroxidase solution (3 rni) was added) foiiovved by reacting 
at 50°C for 20 minutes. The absorbance (EA) of each sample at 510 nrn was measured. The p-glucan content was 
obtained from equation: 

35 

40 

45 

13-Glucan content (w/w %) = (EA) x (Ffw') x 8.46 

where F: ·100/absorbance of ·100 µg glucose 
W: calculated weight (mg) of anhydride 
[0111] Where a sample under analysis was a liquid extract containing extracted ~-glucans, the liquid was made into 
solid or powder as follows before analysis. To a B•-glucan extract was added twice as much ethanol, and the mixture 
was stirred well and centrifuged. The precipitate was collected, dried well, and ground to prepare a solid ~-glucan extract. 
Afterthewatercontentof the B-glucan extract was measured, the sample was analyzed by the McCleary method (enzyme 
assay) using a p-glucan assay kit from MegaZyme. Each precipitate sample weighing 50 mg was put into a 17 ml test 
tube and dispersed in 200 ~ti of a 50% ethanol solution. The dispersion was analyzed in the sarne manner as described 
above. 

Test Example 2: Measurement of molecular weight 

50 [0112] The molecular weight of an extract was measured as follows. A solid extract weighing 5 mg was put into a test 
tube, 0.5 ml of distilled water was added thereto and heated to dissolve the extract in a boiling water bath. The solution 
was filtered t~;roug~, a 0.22 ~tm filter to prepare a sample for HPLC. The sample was analyzed by HPLC using a gel­
filtration column, Shodex-packed column KS-805 (available from Showa Denko K.K.) at a flow rate of 0.6 mlimin at a 
temperature of 50°C. An RI detector was used for detection, water was used as a developing solvent, and Shodex 

55 Pullulan Standards P-82 (available from Showa Denko K.K.) was used as a molecular weight marker. 
[0113] Where extracted f1-glucans were a liquid extract, it was diluted with twice as much ethanol, cooled to -20°C, 
and allowed to stand for 1 hour to obtain a precipitate. A 5 mg portion of the precipitate was put into a tube, which was 
analyzed in the same manner as described above to measure the molecular weight. 
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Preparation Example i: Preparation of raw material and extraction accelerator 

[0114] c;1utinous naked barley was polished to a polishing yield of 82%. The bran generated by this first polishing was 
designated bran-1. The barley having been polished to a polishing degree of 82% was further polished in a grinding 

5 type polishing machine to a polishing yield of 55%. The bran generated by the second polishing was designated grinds-
1. In a 50 liter container was put 20 liters tap water and adjusted to 15"C while stirring. Six kilograms of bran-1 was 
added thereto and extracted while stirring for 2 hours. The mixture was centrifuged in a continuous centrifuge for solid­
liquid separation, and the supernatant liquor was lyophilized to obtain 450 g of an extraction accelerator. 

10 Preparation Example 2: Preparation of ~--g!ucans 

[0115] Into a 70 liter containerwas put 30 liters tap water, and 150 g of the extraction accelerator prepared in Preparation 
Example 1 was added. After dissolution, 7.5 kg of grinds-1 was added, followed by extraction by stirring at 50°C for 2 
hours. The mixture was centrifuged for solid-liquid separation in a continuous centrifuge. The supernatant liquor separated 

1" was boiled and cooled to give 15 liters of a slightly viscous 0-glucan solution (sample 1 ). As a result of analysis according 
to Test Example 1, the B-glucan content was found to be 3%. As a result of analysis according to Test Example 2, the 
extract was detected in the molecular weight range of from 10,000 to 90,000, with the maximum peak at 40,000. The 
maximum peak was confirmed to be p-glucans by the method of Test Example 1. 

20 Preparation Exan1ple 3: Preparation of J3-giucans 

[0116] To a p-glucan solution prepared in the same manner as in Preparation Example 2 was added twice as much 
ethanol. A precipitate thus formed was collected and dried to give 460 g of a p--glucan extract (sample 2), which was 
found to have a p-glucan purity of 91 %, as a result of analysis according to Test Example 1. As a result of analysis 

25 according to Test Example 2, the extract was detected in the molecular weight range of from 10,000 to 200,000, with 
the maximum peak at 40,000. The maximum peak was confirmed to be B-glucans by the method of Test Example 1. 

Preparation Example 4: Preparation of f1-glucans 

30 [0117] A B-glucan solution prepared in the same manner as in Preparation Example~: was lyophilized as such to give 
a p-glucan extract (sample 3) weighing 580 g. Sample 3 was found to have a p-glucan purity of 76% as a result of 
analysis according to Test Example 1. As a result of analysis according to Test Example 2, the extract was detected in 
the molecular weight range of from 10,000 to 200,000, with the maximum peak at 40,000. The maximum peak was 
confirmed to be p-glucans by the method of Test Example 1. 

35 

Preparation Example 5: Preparation of 0-glucans 

[0118] Into a 70 liter container was put 30 liters tap water, and 60 g of sodium hydroxide was added thereto while 
stirring. After dissolution, 7 kg of grinds-1 was added, followed by extraction by stirring at 30°C for 2 hours. The mixture 

40 was neutralized with hydrochloric acid and separated into solid and liquid by means of a continuous centrifuge. The 
supernatant liquor separated was boiled to give 15 liters of a slightly viscous p-glucan solution (sample 4). As a result 
of analysis according to Test Example 1, the t1-glucan content was found to be 1.8 wt%. As a result of analysis according 
to Test Example 2, the extract showed no peak in a molecular weight range between 3000 and ·100,000 but an extremely 
broad peak in the range of from 100,000 to 500,000. The fraction collected in the molecular weight range of 100,000 or 

45 greater was confirmed to be p-glucans by the met~;od of Test Example 1. 

Method of evaluation in Examples 1 to 32 and Comparative Examples 1 to 23: 

[0119] In Examples i to 32 and Comparative Examples i to 23 hereinafter described, evaluation was made in terms 
50 of stability and texture (smoothness, hardness, and flavor) according to necessity. Stability was evaluated by visuaiiy 

inspecting any change in appearance after storage at 5°C for 1 month. Texture was organoleptically evaluated by 10 
panel members and rated A to C according to standards shown below. The rating given to a sample by the greatest 
number out of 10 panel members was the rating of the sample. The results obtained are shown in Tables ·1 and 2, in 
which marks " .. " indicate no evaluation made. 

55 

Standards of evaluation: 

[0120] 
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1) Stability 

A: Excellent in stability. 
B: Change in appearance, sue~, as slight p~;ase separation, observed. 
C: Phase separation observed. 

2) Texture 
2-1) Smoothness 

A: Very smooth 
B: Smooth 
C: Not smooth 

2-2) Hardness 

A: Very soft 
B: Soft 
C: Not soft 

20 2-3) Flavor 

25 

A: Superior 
B: Slightly inferior 
C: Inferior 

Example 1: Fat and oil composition containing B-glucans extracted from gramineous plant 

[0121] A hundred parts of sample 2 obtained in Preparation Example 3 and 100 parts of soybean oil were thoroughly 
mixed in a kneader. The mixture was kept at 60°C for 10 minutes and then cooled to room temperature, whereupon it 

30 became creamy to give a fat and oil composition--1 containing P--giucans extracted from a gramineous plant according 
to the present invention (!3-glucan content: 45.50%). The p-glucans were found uniformly dispersed. 

Example 2: Fat and oil composition containing B-glucans extracted from gramineous plant 

35 [0122] Three hundred parts of sample 3 obtained in Preparation Example 4 was mixed with 100 parts of palm oil 
melted by heating at 70°C and 1 part of lecithin in a high-speed homomixer. The mixture was left to stand at 50°C for 
~:O minutes and cooled to room temperature to give a lumpy fat and oil composition-2 containing p-glucans extracted 
from a gramineous plant according to the present invention (~-glucan content: 56.90%). The p-glucans were found 
uniformly dispersed. 

40 

Example 3: Fat and oil composition containing ~-glucans extracted from gramineous plant 

[0123] Fifty parts of sample 3 obtained in Preparation Example 4 was mixed with 30 parts of palm olein oil, 70 pa1is 
of rapeseed oil, and 02 part of protease-hydrolyzed egg yolk in a mixer. The mixture was left to stand at 65°C for 15 

45 minutes and cooled to room temperature to give a creamy fat and oil composition-3 containing !3-glucans extracted from 
a gramineous plant according to the present invention (p-glucan content: 25.30°/0). The p-glucans were found uniformly 
dispersed. 

50 

Example 4: Fat and oil composition containing tl-glucans extracted from gramineous plant 

[0124] Five pa1is of sample 2 obtained in Preparation Example 3 was mixed with 40 pa1is of rice oil, 20 parts of oiive 
oil, and 35 parts of safflower oil in a high-speed homomixer. The mixture was allowed to stand at 50°C for 30 minutes 
and cooled to room temperature to give a fat and oil composition-4 containing p-glucans extracted from a gramineous 
plant according to the present invention (13-glucan content: 4.60% ), which had almost the same viscosity as the starting 

55 oils but showed slight turbidity. The p-glucans were found uniformly dispersed. 

16 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 398 of 3341

EP 1 361 264 81 

Example 5: Fat and oil composition containing tl-glucans extracted from gramineous plant 

[0125] Thirteen parts of sample 1 obtained in Preparation Example 2 was mixed with 20 parts of hydrogenated soybean 
oii (meiting point: 45°C), 35 parts of palm oil, 30 parts of cotton seed oii, and 0.2 part of soybean lysolecithin. The mixture 

5 was allowed to stand at 70°C for 10 minutes and then emulsified in a high-speed mixer, followed by rapidly cooling for 
plasticization to give a fat and oil composition-5 containing p-glucans extracted from a gramineous plant according to 
the present invention (!3-glucan content: 0.40%), which had margarine-like physical properties. The B-glucans were found 
uniformly dispersed. 

10 Exan1ple 6: Fat and oil cornposition containing !3-•glucans extracted 'frorn grarnineous plant 

[0126] Fifty parts of sample 4 obtained in Preparation Example 5 was mixed with 27.6 parts of hydrogenated fish oil 
(melting point: 36"C), 18 parts of corn salad oii. and 0.4 part of glycerol monotartrate by stirring at 50°C for 30 minutes. 
The mixture was emulsified in a high-speed mixer, followed by rapidly cooling for piasticization to give a fat and oil 

1" composition-6 containing fl-glucans extracted from a gramineous piant according to the present invention (P-glucan 
content: 0.94%), which had fat spread-iike physical properties. The p-giucans were found uniformly dispersed. 

Example 7: Fat and oil composition containing ~-glucans extracted from gramineous plant 

20 [0127] Twenty parts of sample 1 obtained in Preparation Example 2 was mixed with 0.3 part of olive oil (melting point: 
36°C) and 0.1 part of casein sodium. The mixture was allowed to stand at 55°C for 15 minutes, emulsified in a high­
speed mixer, and spray-dried to give a powdered fat and oil composition-? containing p-glucans extracted from a grami­
neous plant according to the present invention (B•-glucan content: t-30.00%). The B-glucans were found uniformly dispersed. 

25 Example 8: Production of shortening 

[0128] An oil phase consisting of 30 parts of palm oil, 50 parts of hydrogenated palm oil, 20 parts of rapeseed oil, and 
0.3 part of lecithin was melted at 70°C. To 100 parts of the oii phase was added 5.0 parts of sample 2 obtained in 
Preparation Exampie 3, and the mixture was aliowed to stand at 70°C for 30 minutes. The mixture was then stirred in 

JO a hon1omixer at a high rotational speed for 2 ~ninutes to give a fat and oi! cornposition-8 containing 13--glucans extracted 
from a gramineous plant according to t~,e present invention. The ~-giucans were found by visual observation sufficiently 
dispersed in the fat and oiL The composition was rapidly cooled for plasticization and cooled to 5°C to obtain shortening 
W-glucan content: 4.30°¼,) according to the present invention. The shortening of the present invention was evaluated for 
smoothness and flavor. The results obtained are shown in Table 1. It is seen that the resuiting shortening is superior to 

35 Comparative Example 1 described hereunder in smoothness and flavor. Aithough the step of crystal aging had been 
omitted, the shortening of the present invention can be said to have enjoyed the effects of forming moderate crystals 
with excellent texture, accelerating such crystallization, and preventing reduction of flavor that might have been caused 
by an emulsifier. 

40 Comparative Example 1: Production of shortening 

[0129] An oil phase consisting of 30 parts of palm oil, 50 parts of hydrogenated palm oil, 20 parts of rapeseed oil, and 
0.3 part of lecithin was melted at 70°C, stirred in a homomixer at a high rotational speed for 2 minutes, rapidly cooled 
for plasticization, and cooled to 5°C to obtain an edibie fat and oii composition. The resulting shortening was evaluated 

45 for smoothness and flavor for comparison. The results obtained are shown in Table 2, which prove the resulting shortening 
to be much inferior in flavor. 

Example 9: Production of margarine 

50 [0130] A hundred part of an edible fat and oil consisting of palm oil, hydrogenated paim oil, rapeseed oil, and sorbitan 
fatty acid esters at a weight ratio of 30:50:20:0.3 was melted at 70"C. Eight parts of sample 3 obtained in Preparation 
Example 4 was added thereto, and the mixture was ieft to stand at 65°C for 30 minutes. A solution of 0.5 part of defatted 
milk powder and 1 part of edible salt in 16 parts of hot water (70°C) was slowly added to the mixture and mixed therewith 
while stirring in a homomixer. Then, the mixture was rapidly cooled to plasticize, maintained at ~:5"C overnight, and 

55 cooled to 5°C to give margarine according to the present invention (B-glucan content: 4.80%). The ~-giucans were found 
uniformly dispersed. The margarine of the present invention was evaluated for stability, smoothness, and flavor. The 
results are shown in Table 1. The resulting margarine had a fine and smooth texture. Further, the margarine was more 
flavorful t~;an that of Comparative Example 2 described hereunder, proving the effect of suppressing a reduction in flavor 
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which might have been caused by the emulsifier. 

Comparative Example 2: Production of margarine 

5 [0131] A hundred part of an edible fat and oil consisting of palm oil, hydrogenated palm oil, rapeseed oil, and sorbltan 
fatty acid esters at a weight ratio of 30:50:20:0.3 was melted at 70"C. To the mixture was siowiy added a solution of 0.5 
part of defatted milk powder and 1 part of edible salt in 16 parts of hot water (70"C) while stirring in a homomixer. After 
mixing, the mixture was rapidly cooled to plasticize, maintained at 25°C overnight, and cooled to 5°C to give margarine. 
The resulting margarine was evaluated for stability, smoothness, and flavor for comparison. The results are shown in 

10 Table 2, 

Example 10: Production of dressing 

[0132] Ten parts of sample 2 prepared in Preparation Example 3, 10 parts of egg yolk, 1.5 parts of edible salt, 11 
1" parts of vinegar, 2.5 parts of soft white sugar, 0.05 part of mustard powder, and 0.05 part of onion powder were mixed 

by stirring in a mixer at a high speed for 5 minutes to prepare an aqueous phase. While the aqueous phase was further 
stirred in a homomixer at a hig~, speed, 75 parts of soybean salad oil heated to 70°C was slowly added thereto and 
mixed. The mixture was left to stand at 50°C for 10 minutes, emulsified, and cooled at 5°C for 24 hours to obtain a 
dressing W-glucan content: 8.27%) according to the present invention. The B-glucans were found uniformly dispersed. 

20 The dressing of the present invention vvas evaiuated for stability and flavor. The results are shovvn in Table 1. The 
resulting dressing was proved excellent in stability and flavor. 

Comparative Example 3: Production of dressing 

25 [0133] Ten parts of egg yolk, 1 .5 parts of edible salt, 11 parts of vinegar, 2.5 parts of soft white sugar, 0.05 part of 
mustard powder, and 0.05 part of onion powder were mixed by stirring in a mixer at a hlgh speed for 5 minutes to prepare 
an aqueous phase. A dressing was prepared by using the aqueous phase in the same manner as in Example 10. The 
resulting dressing was evaluated for stability and flavor for comparison. The results are shown ln Table 2. 

JO Exan1ple 11: Production of dressing 

[0134] Ten parts of egg yolk, 1 .5 parts of edible salt, 11 parts of vinegar, 2.5 parts of soft white sugar, 0.05 part of 
mustard powder, and 0.05 part of onion powder were mixed by stirring in a mixer at a hlgh speed for 5 minutes to prepare 
an aqueous phase. Vv'hile the aqueous phase was furt~;er stirred in a homomixer at a high speed, 75 parts of the fat and 

35 oil composition-4 containing B-glucans extracted from a gramineous plant which was prepared ln Example 4 was slowly 
added thereto. The mixture was emulsified and cooled at 5°C for 24 hours to give a dressing (p-glucan content: 3.45°,{,) 
according to the present invention. The J3-glucans were found uniformly dispersed. The dressing of the present invention 
was evaluated for stability and flavor. n,e results are shown in Table 1. The resulting dressing was proved exceilent in 
stability and flavor. 

40 

Comparative Example 4: Production of dressing 

[0135] Ten parts of egg yolk, 1.5 parts of edible salt, ·11 parts of vinegar, 2.5 parts of soft white sugar, 0.05 part of 
mustard powder, and 0.05 part of onion powder were mixed by stirring in a mixer at a high speed for 5 minutes to prepare 

45 an aqueous phase. While the aqueous p~;ase was further stirred in a ~,omomixer at a high speed, 75 parts of a fat and 
oil mixture consisting of 40 parts of rice oil, 20 parts of olive oil, and 35 parts of safflower 011 was slowly added thereto. 
The mixture was emulsified and cooled at 5"C for 24 hours to give a dressing, which was evaiuated for stability and 
flavor for comparison. n,e results are shown in Table 2. 

50 Example 12: Production of mayonnaise 

[0136] Thirty parts of soybean salad oil was added to 30 parts of sample 1 obtained ln Preparation Example 2, and 
the mixture was stirred for preliminary emulsification to prepare a fat and oil composition containing B-glucans extracted 
from a gramineous plant according to the present invention. A thoroughly stirred mixture consisting of 9 parts of egg 

55 yolk, 5.2 parts of starch, 8.2 parts of sugar, 2.8 parts of edible salt, 8 parts of vinegar, 1 part of seasoning spices, and 
6 parts of water was added to the fat and oil composition, and the mixture was finally emulsified in a colloid mill to give 
mayonnaise (r-glucan content: 0.09%) according to the present invention. The ~-glucanswerefound uniformly dispersed. 
The mayonnaise of the present invention was evaluated for stability, smoothness, and flavor. The results obtained are 
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shown in Table i. The resulting mayonnaise underwent no separation of water when stored for i month and had a 
smooth texture and a very good flavor. 

Comparative Example 5: Production of mayonnaise 

[0137] Thirty parts of soybean salad oil was added to 30 parts of water, and the mixture was stirred for preliminary 
emulsification to prepare a fat and oil composition. A thoroughly stirred mixture consisting of 9 parts of egg yolk, 5.2 
parts of starch, 8.2 parts of sugar, 2.8 parts of edible salt, 8 parts of vinegar, 1 part of seasoning spices, and 6 parts of 
water was added to the fat and oil composition, and the mixture was finally emulsified in a colloid mill to prepare 

10 n--iayonnaise, vvhich vvas evaluated for stabi!ity, srnoothness and flavor for cornparison. The results obtained are shown 
in Table 2. 

Example 13: Production of mayonnaise 

1" [0138] Nine parts of egg yolk, 8.2 parts of sugar, 2.8 parts of edible salt, 8 parts of vinegar, i part of seasoning spices, 
and 36 pa1is of sample 4 obtained in Preparation Example 5 were mixed to prepare an aqueous phase. To the aqueous 
phase were added 25 parts of rapeseed oil and 10 parts of t~,e fat and oil composition of Example 1, and t~,e mixture 
was preliminarily emulsified by stirring and finally emulsified in a colloid mill to prepare mayonnaise (p-glucan content: 
5.20%) according to the present invention. The p-glucans were found uniformly dispersed. The mayonnaise of the 

20 present invention was evaluated for stability, smoothness 1 and flavor. The resuits obtained are shovvn in Tab!e ·:. The 

resulting mayonnaise underwent no separation of water when stored for 1 month and had a smooth texture and a very 
good flavor. 

25 

Comparative Example 6: Production of mayonnaise 

[0139] Nine parts of egg yolk, 8.2 parts of sugar, 2.8 parts of edible salt, 8 parts of vinegar, 1 part of seasoning spices, 
and 36 parts of water were mixed to prepare an aqueous phase. To the aqueous phase were added 25 parts of rapeseed 
oil and 10 parts of palm oil, and the mixture was preliminarily emulsified by stirring and finally emulsified in a colloid mill 
to prepare mayonnaise, which was evaluated for stability, smoothness, and flavor for comparison. The results obtained 

JO are shovvn in Table 2. 

Example 14: Production of fat spread 

[0140] A mixture consisting of 27.6 parts of hydrogenated fish oil (melting point: 36''C), 18.4 parts of cotton seed oil, 
35 40 parts of sample 1 obtained in Preparation Example 2, 12.3 parts of water, 1 part of edible salt, 0.5 part of defatted 

milk powder, 0.2 part of flavors, and 0.3 part of lecithin was emulsified and rapidly cooled for plasticization to prepare 
fat spread (p-glucan content: 1.20%,) according to the present invention. The p-glucans were found uniformly dispersed. 
The fat spread of the present invention was evaluated for stability, smoothness, and flavor. n,e results are shown in 
Table 1. The resulting fat spread underwent no separation of water when stored for i month and had a smooth texture 

40 and a very good flavor. 

Comparative Example 7: Preparation of fat spread 

[0141] A mixture consisting of 27.6 parts of hydrogenated fish oil (melting point: 36°C), 18.4 parts of cotton seed oil, 
45 52.3 parts of water, 1 part of edible sait, 0.5 part of defatted miik powder, 02 part of flavors, and 0.3 part of lecithin was 

emulsified and rapidly cooled for plasticization to prepare fat spread, which was evaluated for stability, smoothness and 
flavor for comparison. The results are shown in Table 2. 

50 

Example 15: Production of curry sauce mix 

[0142] Forty--four parts of wheat flour (cake flour) and 34 pa;is of the shortening obtained in Example 8 were pan-fried 
brown, and the resulting roux was mixed with 8 parts of a commercially available curr1 powder mix to obtain a curry 
sauce mix W-glucan content: 1 .70%) according to the present invention. The p-glucans were found uniformly dispersed. 

55 Example 16: Production of cookies 

[0143] Fifty parts of the fat and oil composition-3 containing p-glucans extracted from a gramineous plant obtained in 
Example 3 and 50 parts of soft w~;ite sugar were kneaded into cream in a hobart mixer at a high speed for 6 minutes. 
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A mixture of i 5 parts net of whole eggs, 1 part of edible salt, and 0.5 part of ammonium hydrogencarbonate was added 
thereto, foi!owed by mixing at a medium speed for30 seconds. A hundred parts of sieved wheatflourwas added, followed 
by mixing at a iow speed for 30 seconds to prepare dough. The dough was put into a cylinder of 6 cm in diameter, 
pressed out by ·1 cm, and cut. n,e cut pieces of the dough were baked at 200°C for ·13 minutes to obtain cookies (!3-

5 glucan content: 5.86°;;,) according to the present invention. The p-glucans were found uniformly dispersed. The cookies 
of the present invention were evaluated for hardness and flavor. The results are shown in Table 1. 

Comparative Example 8: Production of cookies 

10 [0144] Fifty parts of a fat and oil n1ixture consisting of :-30 parts of pai~n olein oil, 70 parts of rapeseed oil, and 0.2 part 
of protease-hydrolyzed egg yolk and 50 parts of soft white sugar were kneaded into cream in a hobart mixer at a high 
speed for 6 minutes. A mixture of 15 parts net of whole eggs, 1 part of edible salt, and 0.5 part of ammonium hydrogen­
carbonate was added thereto, followed by mixing at a medium speed for 30 seconds. The mixture was further processed 
in t~,e same manner as in Example 16 to obtain cookies, which were evaluated for hardness and flavor for comparison. 

1" The results are shown in Table 2. 

Example ·17: Production of cookies 

[0145] Fifty parts of the fat and oil composition-5 containing ~-glucans extracted from a gramineous plant obtained in 
20 Example 5 and 40 parts of soft white sugar of beet were kneaded into cream in a hobart mixer at a high speed for 6 

minutes. Twenty parts of raisin paste was added and mixed into the cream at a medium speed for 30 seconds. Sieved 
foxtail millet flour was added, followed by mixing at a low speed for 30 seconds to prepare dough. The dough was put 
into a cylinder of 6 cm in diameter, pressed out by 1 cm, and cut. The cut pieces of the dough were baked at 160°C for 
15 minutes to obtain cookies (13-glucan content: 0.10%) according to the present invention. The p-glucans were found 

25 uniformly dispersed. The cookies of the present invention were evaluated for hardness and flavor. The results are shown 
in Table 1. The resulting cookies had a satisfactory texture despite the fact that neither eggs nor dairy products was used. 

Comparative Example 9: Production of cookies 

JO [0146] fl.. rnixture of 20 parts of hydrogenated soybean oi! (rnelting point: 45"(:), :-ss parts of pa!rn oil 1 30 parts of cotton 
seed oil, and 0.2 part of soybean lysolecithin was ai!owed to stand at 70"C for ·10 minutes and t~;en emulsified in a high­
speed mixer, followed by rapid cooling for plastlcization to prepare an edible fat and oil composition having margarine­
like physical properties. Fifty parts of the fat and oil composition and 40 pa1is of soft white sugar of beet were kneaded 
into cream in a hobart mixer at a ~,igh speed for 6 minutes. Twenty parts of raisin paste was added, followed by mixing 

35 at a medium speed for 30 seconds. The resulting mixture was further processed ln the same manner as in Example 17 
to obtain cookies, which were evaluated for hardness and flavor for comparison. The results are shown in Table 2. 

Example -is: Production of chocolate 

40 [0147] Twelve parts of cacao mass, 45 pa1is of powdered sugar, ~:O parts of whoie milk powder, 13 out of 23 parts of 
cacao butter, and 2 parts of sample 2 of Preparation Example 3 were put into a ~,obart mixer and mixed with a beater 
at a medium speed for 3 minutes. The mixture was rolled and conched to prepare a fat and oil composition containing 
~-g!ucans extracted from a gramineous plant according to the present invention. As observed with the naked eye, the 
~--giucans were found uniformly dispersed. The rest of cacao butter was added thereto and mixed to obtain chocolate 

45 mass. The chocolate mass was subjected to tempering, poured into a mold, and cooled down to obtain chocolate of the 
present invention, which was evaluated for smoothness, hardness, and flavor. The results obtained are shown ln Table 
1. The resu!ting chocolate had good meit in the mouth and a good flavor. 

50 

Comparative Example 10: Production of chocolate 

[0148] Twelve parts of cacao mass, 45 parts of powdered sugar, 20 parts of who!e milk powder, 13 out of 23 parts of 
cacao butter, and 2 parts of a fat and oil composition consisting of 30 parts of palm olein 011, 70 parts of rapeseed oil, 
and 0.2 part of protease-processed egg yolk were put into a hobart mixer and mixed with a beater at a medium speed 
for 3 minutes. The mixture was rolled and conched to prepare a fat and oi! composition. The rest of cacao butter was 

55 added thereto and mixed to obtain chocolate mass. The c~;ocolate mass was further processed in the same manner as 
in Example 18 to obtain chocolate, which was evaluated for smoothness, hardness, and flavor for comparison. The 
results obtained are shown in Table 2. 

20 
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Example 19: Production of chocolate 

[0149] Twelve parts of cacao mass, 45 parts of powdered sugar, 20 parts of whole milk powder, 23 parts of cacao 
butter, and 20 parts of the fat and oil composition-2 containing !3-glucans extracted from a gramineous plant prepared 

5 in Example 2 were put into a hobart mixer and mixed with a beater at a medium speed for 3 minutes. The mixture was 
roiled and conched to obtain chocolate mass. The chocolate mass was subjected to tempering, poured into a mold, and 
cooled down to obtain solid c~;ocolate of the present invention. The p-glucans were found uniformly dispersed. The 
chocolate of the present invention was evaluated for smoothness, hardness, and flavor. The results are shown in Table 
1. The resulting chocolate had good melt in the mouth and a good flavor. 

10 

Comparative Example 11: Production of chocolate 

[0150] Twelve parts of cacao mass, 45 parts of powdered sugar, 20 parts of whole milk powder, 23 parts of cacao 
butter, and 20 parts of palm oil were put into a ~,obart mixer. The same procedures of Example 19 were then followed 

1" to obtain a chocolate product, which was evaluated for smoothness, hardness, and flavor for comparison. The results 
obtained are shown in Table 2. 

Example 20: Production of bread 

20 [0151] Bread was made by using the ~--giucan-containing margarine obtained in Example 9. A hundred parts of wheat 
flour, 3 parts of yeast, 4 parts of sugar, 2 parts of edible salt, 6 parts of the margarine obtained in Example 9, and 60 
parts of water were mixed in a hopper mixer at a mixing temperature of 28°C at a low speed for 2 minutes and at a high 
speed for 4 minutes to prepare bread dough. The dough was allowed to ferment at 28°C for 60 minutes and divided into 
450 g portions, which were each formed into a ball and allowed to prove at 28°C for 20 minutes. The dough was passed 

25 through a sheeter three times, shaped, put into a one-loaf pan, and finally proofed at 38°C and 90% RH until it rose 2 
cm above the lip of the pan. The final proofing took 42 minutes. The proofed dough was baked at 220°C for 23 minutes 
to obtain a loafof bread (p-glucan content: 2. ·10%) according to the present invention. The p-glucans were found uniformly 
dispersed. The bread of the present invention was evaluated for hardness and flavor. The results obtained are shown 
in Table 1. The resulting bread had softness, good volume and a satisfactory texture. 

JO 

Comparative Example 12: Production of bread 

[0152] Bread was made in the same manner as in Example 20, except for replacing the margarine used in Example 
20 with margarine which was prepared in the same manner as in Example 9 except for using no p-glucans. The resulting 

35 bread was evaluated for hardness and flavor for comparison. The results obtained are shown in Table 2. 

Example 21: Production of bread 

[0153] A hundred parts of wheat flour, 3 parts of yeast, 4 parts of sugar, 2 parts of edible salt, 2 parts of the powdered 
40 fat and oil obtained in Example 7, 4 parts of shortening, 50 parts of the sample obtained in Preparation Example 2, and 

13 parts of water were mixed in a hopper mixer at a mixing temperature of 28"C at a low speed for 2 minutes and at a 
high speed for 4 minutes to prepare bread dough. The dough was allowed to ferment at 28°C for 60 minutes and divided 
into 450 g portions, which were each formed into a ball and allowed to prove at 28°C for 20 minutes. The dough was 
passed through a sheeter three times, shaped, put into a one--loaf pan, and finally proofed at 38°C and 90%, HH until it 

45 rose 2 cm above the lip of the pan. The final proofing took 46 minutes. The proofed dough was baked at 210°C for 30 
minutes to obtain a loaf of bread W-glucan content: 2.00%) according to the present invention. The ~-glucans were found 
uniformly dispersed. The bread of the present invention was evaluated for hardness and flavor. The results obtained 
are shown in Table 1. The resulting bread had softness, good volume and a satisfactory texture. 

50 Comparative Example 13: Production of bread 

[0154] A hundred parts of wheat flour, 3 parts of yeast, 4 parts of sugar, 2 parts of edible salt, 2 parts of a powdered 
fat and oil prepared in the same manner as in Example 7 except for using no µ-glucans, 4 parts of shortening, and 63 
parts of water were mixed in a hopper mixer at a mixing temperature of 28°C at a low speed for~: minutes and at a high 

55 speed for 4 minutes to prepare bread dough. The dough was further processed in t~,e same manner as in Example 21 
to obtain a loaf of bread, which was evaluated for hardness and flavor for comparison. The results are shown in Table 2. 

21 
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Example 22: Making of boiled rice 

[0155] Japonica rice cu!tivar Koshihikari made in Niigata was washed well with water. To 100 parts of washed rice 
were added 60 parts of water and 4 parts of the fat and oil composition-1 containing p-glucans extracted from a gramineous 

5 plant which was obtained in Example 1. The rice was boiled in an electric rice cooker to obtain boiled rice (µ-glucan 
content: 1. 10% ). The µ-glucans were found uniformly dispersed. The boiled rice was evaluated for hardness. The results 
are shown in Table 1. The resulting boiled rice had a light and soft texture. 

10 

Comparative Example 14: Making of boiled rice 

[0156] Japonica rice cuitivar Koshihikari made in Niigata was washed well with water. To 100 parts of washed rice 
were added 60 parts of water and 4 parts of soybean oil. The rice was boiled in an electric rice cooker to obtain boiled 
rice, which was evaluated for hardness for comparison. The results are shown in Table 2. 

1" Example 23: Production of popcorn 

[0157] Into a pan were put 100 parts of popcorn kernels, 2 parts of edible salt, and 10 parts of the fat and oil composition-
4 containing p-glucans extracted from a gramineous plant obtained in Example 4, and the pot covered with a lid was 
heated on fire to obtain popcorn (p-glucan content: 0.41 %). The p-glucans were found uniformly dispersed. The popcorn 

20 of the present invention vvas evaiuated for texture, The results are shown in Tabie 1. The resulting popcorn had good 

quality with a smooth and light texture. 

Example 24: Production of tofu 

25 [0158] Tofu was produced by using the shortening prepared in Example 8. Soybeans were soaked in water. A hundred 
parts of soaked soybeans was ground together with 140 parts of water, boiled at 100°C for 5 minutes, put into a cotton 
bag, and squeezed to obtain soy milk. To the soy milk were added 3 parts of a coagulant ( calcium sulfate) and 10 parts 
of the shortening obtained in Example 8. The mixture was gently stirred, coagulated at 75°C, and poured into a strainer 
lined with cotton cloth, left to stand for 30 minutes to obtain tofu (µ-glucan content: 1 .70%) according to the present 

30 invention. The p-glucans were found uniformly dispersed. The resulting tofu was evaluated for smoothness and flavor. 
The results are shown in Table 1. The resulting tofu had a good texture. 

Comparative Example ·15: Production of tofu 

35 [0159] Soybeans were soaked in water. A hundred parts of soaked soybeans was ground together with 140 parts of 
water, boiled at 100°C for 5 minutes, put into a cotton bag, and squeezed to obtain soy milk. To the soy milk were added 
3 parts of a coagulant (calcium sulfate) and 10 parts of shortening prepared in the same manner as in Example 8 except 
for using no !3-glucans. The mixture was gently stirred, coagulated at 75°C, and poured into a strainer lined with cotton 
cloth, left to stand for 30 minutes to obtain tofu, which was evaluated for smoothness and flavor for comparison. The 

40 results are shown in Table 2. 

Example 25: Production of soft chocolate 

[0160] A mixture consisting of 50 parts of sugar, 5 parts of cacao mass, 15 parts of whole fat milk powder, 30 parts 
45 of the fat and oil composition-2 containing µ-glucans extracted from a grarnineous plant which was obtained in Example 

2, 0.3 part of lecithin, and 0.04 part of van ill in was subjected to rolling and conching in a usual manner to obtain soft 
chocolate (13-glucan content: 17%) according to the present invention. The p--glucans were found uniformly dispersed. 
The soft chocolate of the present invention was evaluated for smoothness, hardness, and flavor. The results obtained 
are shown in Table 1. The resulting soft chocolate undervvent no blooming and had a good flavor. 

50 

Comparative Example 16: Production of soft chocolate 

[0161] A mixture consisting of 50 parts of sugar, 5 parts of cacao mass, 15 parts of whole fat milk powder, 30 parts 
of palm oil, 0.3 part of lecithin, and 0.04 part of vanillin was subjected to roiling and conching in a usual manner to obtain 

55 soft chocolate, which was evaluated for smoothness, hardness, and flavor for comparison. The results obtained are 
shown in Table 2. 
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Example 26: Production of water-free cream 

[0162] Thirty--five parts of the fat and oil composition-8 containing p--glucans extracted from a gramineous plant which 
was obtained in Example 8, 45 parts of sugar, 10 parts of a tasty powder, and 10 parts of milk powder were mixed to 

5 obtain water-free cream W-glucan content: 1.50°/0) according to the present invention. The~-glucans were found uniformly 
dispersed. The water-free cream of the present invention was evaluated for smoothness and flavor. The results are 
shown in Table 1. The resulting water-free cream had good melt in t~,e mouth and a very good flavor. 

10 

Comparative Example 17: Production of water-free cream 

[0163] Thirty-five parts of a fat and oil composition prepared in the same manner as in Example 8 except for using no 
p-glucans, 45 parts of sugar, 10 parts of a tasty powder, and ·10 parts of milk powder were mixed to obtain water-free 
cream, which was evaluated for smoothness and flavor for comparison. The resuits are shown in Table 2. 

1" Example 27: Production of whipped cream for cream sandwiches 

[0164] A mixture of 100 parts of t~,e fat and oil composition-8 containing p-glucans extracted from a gramineous plant 
which was prepared in Example 8 and 0.1 part of a monoglyceride was beaten into whipped cream having a specific 
gravity of 0.3. A hundred parts of sugar syrup was added, and the cream was further beaten to prepare whipped cream 

20 having a specific gravity of 0.65 ~--glucan content: 2.15% ), which was for cream sandwiches. The p-glucans were found 
uniformly dispersed. The whipped cream of the present invention was evaluated for smoot~mess and flavor. The results 
are shown in Table ·1. The resulting whipped cream had a very good flavor. 

25 

JO 

Comparative Example 18: Production of whipped cream for cream sandwiches 

[0165] Whipped cream for cream sandwiches was made in the same manner as in Example 27, except for using 100 
parts of a fat and oil composition prepared in the same manner as in Example 8 except for using no 13 .. giucans. The 
resulting whipped cream was evaluated for smoothness and flavor for comparison. The results obtained are shown in 
Table 2. 

Example 28: Production of hard candy 

[0166] Thirty-five parts of a fat and oil composition consisting of 100 parts of the fat and oil of Example 1, 100 parts 
of the fat and oil of Example 2, 23 parts of a polyglycerol fatty acid ester, 14 parts of a glycerol fatty acid ester, and 4 

35 parts of a sucrose fatty acid ester, 35 parts of sugar, 8.5 parts of thick malt syrup, 1.5 parts of defatted milk powder, and 
40 parts of water were mixed into an oil-in-water emulsion, which was boiled down until the temperature reached 140°C 
and further concentrated until the water content was reduced to 1.9'1/.o. The resulting thick syrup was cooled and molded 
to obtain hard candy (13-glucan content: 17.80%). The !3-glucans were found uniformly dispersed. n,e hard candy of the 
present invention was evaluated for smoothness and flavor. The results are shown in Table 1. The resulting hard candy 

40 underwent no bleeding of oily components during storage and had a good flavor. 

Comparative Example 19: Production of hard candy 

[0167] Thirty--five parts of a fat and oil composition consisting of 100 parts of soybean oii, 100 parts of palm oil, 23 
45 parts of a polyglycerol fatty acid ester, ·14 parts of a glycerol fatty acid ester, and 4 parts of a sucrose fatty acid ester, 

35 parts of sugar, 8.5 parts of thick malt syrup, 1.5 parts of defatted milk powder, and 40 parts of water were mixed into 
an oil .. in--water emulsion, which was boiied down untii the temperature reached ·140°C and further concentrated to water 
content of 1.9%. The resulting thick syrup was cooled and molded to obtain hard candy. n,e resulting hard candy was 
evaluated for smoothness and flavor for comparison. The results are shown in Table 2. 

50 

Example 29: Production of whipped cream 

[0168] In 50 parts of water heated to 60°C were dissolved 5 parts of defatted milk powder and 0.1 part of sodium 
tripolyphosphate whiie stirring to prepare an aqueous phase. Separately, 10 parts of the fat and oil composition of 

55 Example 1, 20 parts of the fat and oil composition of Example 2, and 15 parts of the fat and oil composition of Example 
3 were mixed to prepare an oily phase. The oily phase was mixed with the aqueous phase by stirring to prepare a 
preliminary emulsion. The preliminary emulsion was homogenized under a pressure of 5 MPa, sterilized in a VTIS 
sterilization apparatus at 142''C for 4 seconds, re-homogenized under a pressure of 5 MPa, cooled to 5°C, and then 
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aged in a refrigerator for 24 hours to give whipped cream (f}-glucan content: 19.73%) according to the present invention. 
The µ-glucans were found uniformly dispersed. The whipped cream of the present invention was evaluated for stability, 
smoothness, and flavor. The results are shown in Table 1. The resulting whipped cream was proved to have satisfactory 
qualities of overrun, emulsion stability, ~,eat resistant shape retention, flavor, melt-in-the-mouth, and s~;apability in piping 

5 into rosettes. 

Comparative Example 20: Production of whipped cream 

[0169] In 50 parts of water heated to 60°C were dissolved 5 parts of defatted milk powder and 0.1 part of sodium 
10 tripoiyphosphate vvhile stirring to prepare an aqueous phase, Separately) 10 parts of soybean oil) 20 parts of pairn oil, 

and 15 parts of rapeseed oil were mixed to prepare an oily phase. The oily phase was mixed with the aqueous phase 
by stirring to prepare a preliminary emulsion. The preliminary emulsion was further processed in the same manner as 
in Example 29 to obtain whipped cream, which was evaluated for stability, smoothness, and flavor for comparison. The 
results obtained are shown in Table 2. 

Example 30: Production of milk substitute composition 

[0170] In 64 parts of water heated to 60°C were dissolved 25 parts of defatted milk powder, 0.2 part of sodium 
hexametaphosphate, 0.2 part of sodium citrate, and 0.3 part of a sucrose fatty acid ester while stirring to prepare an 

20 aqueous phase, To the aqueous phase vvas added 10 parts of the fat and oil con--iposition of Exarnpie 6, 0.3 part of a 

glycerol fatty acid ester and mixed by stirring to prepare a preliminary emulsion. The preliminary emulsion was homog­
enized under a pressure of 5 MPa, sterilized in a VTIS sterilization apparatus at 142°C for 4 seconds, re-homogenized 
under a pressure of 15 MPa, and cooled to 5°C to obtain a milk substitute composition (13-glucan content: 0.09%,) 
according to the present invention. The ~-glucans were found uniformly dispersed. The milk substitute composition of 

25 the present invention was evaluated for stability and flavor. The results are shown in Table 1. The resulting milk substitute 
composition was proved satisfactory in both flavor and emulsion stability. 

Comparative Example 21: Production of milk substitute composition 

JO [0171] In 64 parts of water heated to 60°(: vvere dissolved 25 parts of defatted rniik povvder, 0.2 part of sodiurn 

hexametaphosphate, 0.2 part of sodium citrate, and 0.3 part of a sucrose fatty acid ester w~;ile stirring to prepare an 
aqueous phase. To the aqueous phase were added 10 parts of the fat and oil composition of Comparative Example 6 
and 0.3 part of a glycerol fatty acid ester and mixed by stirring to prepare a preliminary emulsion. The preliminary emulsion 
was further processed in the same manner as in Example 30 to give a milk substitute composition. The resulting milk 

35 substitute composition was evaluated for stability and flavor for comparison. The results are shown in Table 2. 

Example 31: Production of food (margarine) prophylactic for habitual disease 

[0172] Ten parts of hydrogenated soybean oil (melting point: 45°C), 35 parts of palm oil, 10 parts of the fat and oil 
40 composition--1 containing ~--giucans extracted from a gramineous plant which was obtained in example 1, 30 parts of 

an interesterified oil containing 10% or more of plant sterol or plant sterol fatty acid esters, ·13.3 parts of sample ·1 obtained 
in Preparation Example 2, 1 part of edible salt, 0.5 part of defatted milk powder, and 0.2 part of flavor were emulsified 
and rapidly cooled for plasticization to produce margarine having a cholesterol lowering effect (µ-glucan content: 4.95°,{,) 
according to the present invention. The p--glucans were found uniformly dispersed. The margarine having a cholesterol 

45 lowering effect according to the present invention was evaluated for smoothness and flavor. The results are shown in 
Table 1. The resulting margarine had good melt in the mouth and a good flavor. 

Comparative Example 22: Production of food (margarine) prophylactic for habitual disease 

50 [0173] Ten parts of hydrogenated soybean oil (melting point: 45°C), 35 parts of palm oil, 10 parts of soybean oil, 30 
parts of an interesterified oil containing 10% or more of plant sterol or piant sterol fatty acid esters, 13.3 parts of water, 
1 part of edible salt, 0.5 part of defatted milk powder, and 0.2 part of flavor were emulsified and rapidly cooled for 
plasticization to produce margarine having a cholesterol lowering effect, which was evaluated for smoothness and flavor 
for comparison. The results are shown in Table 2. 

55 

Example 32: Production of drug prophylactic for habitual diseases 

[0174] Three parts of ~,igh purity DHA (purity: 98%: POV: 1.0 meq/kg or less) containing 4000 ppm of u,-tocopherol, 

24 
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20 parts of sample i obtained in Preparation Example 2, and 10 parts of casein sodium were emulsified in a high-speed 

mixer in a nitrogen atmosphere and spray dried to prepare a powdered drug prophylactic for habitual diseases (p-glucan 

content: 4.60'1/.o) according to the present invention. The p-glucans were found uniformly dispersed. The drug prophylactic 

for habitual diseases according to the present invention was evaiuated for stabiiity. The results are shown in Table 1. 

5 The POV of the powder was 0.8 meq/kg, proving the drug to be excellent in antioxidation stability. 

Comparative Example 23: Production of drug prophylactic for habitual diseases 

[0175] Three parts of high purity DHA (purity: 98°,{,: POV: 1.0 meq/kg or less) containing 4000 ppm of C(-tocopheroi, 

10 ~:O parts of water, and 10 parts of casein sodium were emulsified in a high-speed mixer in a nitrogen atmosphere and 

spray dried into powder, which was evaluated for stability for comparison. The results are shown in Table 2. The POV 
of the powder was ·1.4 meq/kg, indicating inferior antioxidation stability. 

TABLE 1 

Texture 
Example No. Stability 

Smoothness Hardness Flavor 

1 - - - -

20 2 - - - -

3 -· ·- ·-

4 - - - -

5 - - - -
25 

6 ·- -· .. -· 

·-, 
I - - - -

8 - A - A 

JO 9 A A A 

10 A - - A 

i 1 A - - A 

12 A A - A 
35 1 ') 

" A A .. A 

14 A A - A 

15 - - - -

40 16 -· ·- A A 

17 - - A A 

18 - A A A 

19 - A A A 
45 

20 ·- -· A A 

21 - - A A 

22 - - A -

50 
,,..., 

-· A ·-,:.) 

24 - A - A 

25 - A A A 

26 - A - A 
55 

27 - A - A 

28 A A - A 

25 
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( continued) 

Texture 
Example No. Stability 

Smoothness Hardness Flavor 

29 A A - A 

30 A - - A 

31 .. A .. A 

32 A - - -

TABLE 2 

Texture 
Comparative Example No. Stability 

Smoothness Hardness Flavor 

1 - B - C 

2 A A .. B 

3 B - - B 

4 B - - A 

5 C A - B 

6 C B .. B 

7 B A - B 

8 - - B B 

9 .. B B 

10 - A B B 

1 i - A B B 

12 - - B A 

13 .. B A 

14 - - B -

15 - A - B 

16 A B C 

17 - A - C 

18 - A - C 

19 B A - B 

20 B - - C 

21 B - - B 

22 - B - C 

23 C .. .. .. 

Examples 33 to 37 and Comparative Examples 24 to 27: 

[0176] These Examples and Comparative Examples were carried out with the ~-glucan extract (sample 2) which was 

prepared in Preparation Example 3 (Preparation of B--glucans). 

26 
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Example 33: 

[0177] In 50.5% of warm water (60°C) was dispersed 0.5% of the ~--glucan extract (sample 2), and 49% of palm oil at 
60"C was dispersed and emuisified therein. n,e resulting emulsion was homogenized at 60°C under a pressure of 100 

5 kg/cm2 and heated up to 100°C by use of a scraped sU1face heat exchanger (rotational speed: 1200 rpm). The emulsion 
was cooled to 5"C and aged for 24 hours to prepare an oil-in-water emulsified composition. When the resuiting oil--in-­
water emulsified composition was stirred in a mixer, heated to 60"C, and centrifuged at a rotational speed of 3000 rpm 
for 20 minutes, it undervvent no oil separation, showing high emuision stability against both physical and thermal stresses. 

10 Exan1ple 34: 

[0178] In 49.5% of warm water (60°C) having dissolved therein 1% of a whey protein concentrate (mainly comprising 
J3-lactalbumin and a-lactalbumin; protein content: 80%) was dispersed 0.5% of the ~--giucan extract (sample 2), and 49%, 
of palm oil heated at 60°C was dispersed and emulsified therein. The resulting emulsion was homogenized at 60°C 

1" under a pressure of 100 kgicm2 and heated up to i 00°C by use of a scraped surface heat exchanger (rotational speed: 
1200 rpm). The emulsion was cooled to 5°C and aged for 24 hours to prepare an oil-in-water emulsified composition. 
When the resulting oil-in-water emuisified composition was stirred in a mixer, heated to 60"C, and centrifuged at a 
rotational speed of 3000 rpm for 20 minutes, it undenNent no oil separation, showing high emulsion stability against both 
physical and thermal stresses. 

20 

Comparative Example 24: 

[0179] An oil--in--water emulsified composition was prepared in the same manner as in Example 33, except that the J3-
glucan extract (sample 2) as used in Example 33 was not added and that t~,e warm water was used in a proportion of 

25 51 %. When the resulting oil-in-water emulsified composition was stirred in a mixer under the same condition as in 
Example 33, the oily component separated. When it was heated to 60°C and centrifuged at 3000 rpm for 20 minutes, 
phase separation showing marked oil separation occurred. Emulsion stability against physical and thermal stresses was 
not observed. 

JO Con1parative Exan--iple 25: 

[01 SOJ An oil-in-water emulsified composition was prepared in the same manner as in Example 33, except for adding 
0.5°,{, of a sucrose fatty acid ester (HLB: 16) in place of the ~-glucan extract (sample 2) used in Exampie 33. The 
composition was evaiuated for emulsion stability in the same manner as in Example 33. When the resulting oil-in-water 

35 emulsified composition was stirred in a mixer, heated to 60°C, and centrifuged at 3000 rpm for 20 minutes, it underwent 
appreciable oii separation, showing no emulsion stability against physical and thermal stresses. 

Comparative Example 26: 

40 [0181] An oil-in-water emuisified composition was prepared in the same manner as in Example 33, except for adding 
0.5% of a giycerol fatty acid ester (HLB: 4.3) in place of the ~-glucan extract (sample 2) used in Example 33. The 
composition was evaiuated for emulsion stability in the same manner as in Example 33. When the resulting oil-in-water 
emulsified composition was stirred in a mixer, heated to 60°C, and centrifuged at 3000 rpm for 20 minutes, it underwent 
appreciable oil separation, showing no emulsion stability against physical and thermal stresses. 

45 

Example 35: 

[0182] In 56.6% of warm water (60"C) was dispersed 0.4%, of the J3-glucan extract (sample 2), and 43% of palm oil 
heated at 60°C was dispersed and emulsified therein. The resuiting emulsion was homogenized at 60°C under a pressure 

50 of 100 kgicm2 and heated up to ·100°C by use of a scraped surface heat exchanger (rotational speed: 1200 rpm). The 
emulsion was cooled to 5"C and aged for 24 hours to prepare an oii--in-water emulsified composition. The resulting oil­
in-water emulsified composition was frozen at -20°C for 24 hours. When the frozen oii-in-water emulsified composition 
was thawed at 15°C, oil separation did not occur, proving the composition to have high emulsion stability against freezing. 

55 Comparative Example 27: 

[0183] An oil-in-water emuisified composition was prepared in the same manner as in Example 35, except that the~­
glucan extract (sample 2) as used in Example 35 was not added and that t~,e warm water was used in a proportion of 
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57%. The resulting oil-in-water emulsified composition was frozen under the same conditions as in Example 35. When 
the frozen oil-in-water emulsified composition was thawed at 15°C, it under,,vent oil separation, showing no emulsion 
stability against freezing. 

5 Example 36: 

[0184] Salted egg yolk (edible salt content: 8%) was adjusted to pH 8.4 with sodium hydroxide. To 100 parts of the 
salted egg yolk was added 0.015 part of phospholipase A of swine pancreatic juice origin, and the mixture was treated 
at 40°C for 6 hours. Then 0.001 part of bromelain was added and allowed to react at 45°C for 5 hours, followed by 

10 cooling to 10°(: to obtain enzyrne-,processed egg yolk having a water content of 4670. Water (4·:~10), ·:070 of thick rnait 

syrup (water content: 30%,), 7%, of vinegar (acetic acid acidity: 10%; water content: 90%), 1 .8% of edible salt, 0. 1 % of 
sodium glutamate, 0.1 % of animal protein hydrolyzate, 0.5%, of mustard powder, and 10% of the enzyme-processed 
egg yolk were mixed up to prepare an aqueous phase. Separately, an oiiy phase was prepared by mixing 27'Yo of soybean 
salad oil, 1.5%, of t~,e ~-glucan extract (sample 2), and ·1 % of modified starch obtained by phosphoric acid-crosslinking 

1" waxy corn followed by gelatinization. The oily phase was added to the aqueous phase while stirring to obtain an oil-in­
water preliminary emulsion, which was emulsified in a colloid mill to obtain a sour oil-in-water emulsion containing the 
~-glucans of the present invention and ~,aving a water content of 55%,. A 50 g portion of the sour oil-in-water emulsion 
was put into a 100 ml beaker and heated in a microwave oven (high-frequency output: 500 W) for 30 seconds, and the 
appearance, texture, and flavor were examined. It was found as a result that the emulsion underwent no oil separation, 

20 exhibited good shape retention, and had a crearny texture and a good mayonnaise flavor. Further) another 50 g portion 

of the sour oil-in-water emulsion was put into a 100 ml beaker, preserved in a freezer at -20"C for 30 days, and ~,eated 
as frozen in a microwave oven (high-frequency output: 500 W) for 30 seconds, and the appearance, texture, and flavor 
were investigated. It was found as a result that the emuision showed no oil separation, exhibited good shape retention, 
and had a creamy texture and a satisfactory mayonnaise flavor. 

25 

Example 37: 

[0185] A mixed oil (81.3%) consisting of80% of hydrogenated fish oil having a melting point of 34°C, 15% of soybean 
oil, and 5% of soft palm oil (melting point: 25°C) was mixed with 0.1 °,{, of lecithin and 0.1 % of the ~-glucan extract (sample 

JO 2), and the n1ixture vvas heated to about 60°C to prepare an oily phase. Separateiy 1 an aqueous phase vvas prepared 

from ·16% of water, 1 %, of defatted milk powder, 1 % of an enzyme-processed egg yolk prepared in t~,e same manner as 
in Example 36, and 0.5% of edible salt. The aqueous phase was slowly added to the oily phase while stirring thoroughly 
to make a water-in-oil emulsion, which was sterilized and rapidly cooled for plasticization in a conventional manner to 
obtain margarine for dough and batter. n,e resulting margarine for dough and batter was evaluated for emulsion stability 

35 (whether water was released when aged at 5°C for 24 hours and then pressed with a spatula) and flavor. As a result, 
water separation was not observed, and the flavor was good. 

Examples 38 to 42 and Comparative Example 28: 

40 [0186] Quality modifiers were prepared by using the ~--giucan extract (sampie 2) obtained in Preparation Example 3 
(Preparation of !3-glucans). Ingredients were compounded according to the formulation shown in Table 3 below and 
mixed in a 10 liter rocking mixer, a dry powder blender, for 1 hour to obtain modifiers-1 to -5 and comparative product-
1 having the ingredients uniformly dispersed. 
[0187] The resuiting modifiers•-1 to -5 and comparative product--1 were subjected to a breadmaking test (Examples 

45 38 to 42 and Comparative Example 28). The formulations and the steps used in the test are shown in Tables 4 and 5, 
respectively, and the test results are shown in Table 6. 
[0188] Evaluation for the properties of dough and the quality of crumb and crust, texture, softness, and flavor of bread 
was made according to the following standards. 

50 ·1) Dough properties 

A ... Not sticky 
B ... Slightly sticky 

55 2) Crumb quality - observed with the naked eye 

A ... Fine cells 
B ... Having slightly rough cells 
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3) Crust quality - observed with the naked eye 

A ... Free from cracks, bumps, and roughness 
B ... Slight cracks, bumps or roug~mess observed 

4) Texture 
The texture was evaluated by 10 panel members and rated A or B according to the standard shown below. The 
rating given by the greater number out of 10 panel members was the rating of the sample. 

A ... Very good texture 
B ... Good texture 

5) Softness 
The softness was evaluated by 10 panel members and rated A or B according to the standard shown below. The 

1" rating given by the greater number out of 10 panel members was the rating of the sample. 

A ... Very soft 
B ... Soft 

20 6) Fiavor 

25 

JO 

35 

40 

45 

50 

55 

The flavor was evaluated by 10 panel members and rated A or B according to t~,e standard shown below. The rating 
given by the greater number out of ·10 panel members was the rating of the sample. 

A ... Very good flavor 
B ... Good flavor 

TABLE 3 

Formulation of Quality Modifier (general dough) 

Modifier Comparative Product 1 

1 2 ., 
,:, 4 5 

Extracted ~-glucan 85 70 60 80 90 

Diacetyltartaric acid monogiyceride Na salt 10 ·15 8 20 

Sucrose fatty acid ester 1 12 

Fatty acid monoglyceride 8 

L-Ascorbic acid 0.2 0.3 0.7 0.7 

L-Cystine 0.1 0.2 

a-Amylase 0.5 0.7 0.4 1 

Glucoamylase 0.5 

Hemicellulase 0.5 0.2 0,5 

Protease 0.1 

Wheat flour 15 15 21.6 '16.6 54 

Sugar 3.8 2 2 ·:_4 3 

Total(%) 100 100 "100 100 100 100 
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TABLE4 

Formulation for Breadrnaking by Sponge-Dough Process 

(unit: pa1i) 

5 Example 
Comparative Example 28 

38 39 40 41 42 

Bread flour (Eagle) 70 70 70 70 70 70 

Yeast 2 2 2 2 2 2 
10 

Water 46 46 46 46 46 46 

Bread flour 30 30 30 30 30 30 

Sugar 4 4 4 4 4 4 

Edible salt 
,., 

2 2 2 
,., 

2 L L 

Shortening 4 4 4 4 4 4 

Defatted milk powder 2 2 2 2 2 2 

20 
Modifier-1 2 

Modifier-2 2 

Modifier-•3 
,, 
'-

Modifier-4 2 

25 Modifier-5 2 

Comparative product-- 1 2 

Water 2•-J 24 24 25 2•-J 20 

JO 

TABLE 5 

Steps of 70% Sponge•-Dough Process 

35 Mixing 
Mixer: Shinagawa, Type 5 DM, L: 141 rpm: H: 2385 rpm 24 °C: 15 mins. 

Sponge at low speed; ~: mins. at high speed 

Fermentation 28°C, 30 mins. 

Dough Mixing 28°C; 1.5 mins. at low speed; 2 mins. at high speed 

40 
Floor tirne 28°C, 30 mins. 

Dividing Fold into three and divided into 450 g portions 

The dough was passed through National Sheeter-moulder (roll clearance: 
Rounding 3/8 in.), folded into three, passed through the sheeter, again folded into 

45 
three and again s~;eeted. 

First proofing 28°C, 15 mins. 

The dough was passed through the sheeter section of National Sheeter-

50 

Shaping 
Shaping 

moulder once at a roll clearance of 3i8 in. and then once at 7/32 in. in the 
same direction and finally at 1/8 in. in the opposite direction. The flattened 
dough was rolled up in the moulder section from its dry end making 15 turns. 

Shape One-loaf 

Pan 
One-loaf pan (top: 9.8 x 20.5 cm; bottom: 8.5 x 18.9 cm; 8.0 cm deep; 

1445 cc) 
55 

Finai proofing Final proofing 38°C, >90°/0 RH, until the dough rose 2.0 cm above the lip of the pan 
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( continued) 

Steps of 70% Sponge-Dough Process 

Baking 
Baking ~:27 to 280"C, ~:3 mins. 

Cooling Room temperature, 40 mins.; sealed into a polyethylene bag after cooling 

TABLE 6 

Exampies 
Comparative Example 28 

38 39 40 41 42 

Water absorption(%,) 71 70 70 7·1 71 66 

Dough properties A A B B B B 

Volume (ml) 2640 2658 2620 2651 2638 2530 

Crumb A A A A A A 

Crust B A B B B B 

Texture A A A A B A 

Softness A A B B A B 

Flavor A A A A A B 

[0189] As is apparent from the test results shown in Table 6, the modifiers-1 to -5 containing the extracted tl-glucans 
(Examples 38 to 42) manifest excellent bread quality improving effects compared with the comparative product-1 con­
taining no B-glucans (Comparative Example 28). It is aiso seen that the modifiers--1 to-5 contribute to flavor enhancement 
and enable reduction of amounts of additives conventionally used in breadmaking without while retaining the bread 
quality (Examples 39 to 42). 

Examples 43 to 4 7 and Comparative Example 29: 

[0190] Quality modifiers were prepared by using the ~-glucan extract (sample 2) obtained in Preparation Example 3 
(Preparation of p-glucans). 
[0191] Ingredients were compounded according to the formulation shown in Table 7 below and mixed in a 10 liter 
rocking mixer, a dry powder blender, for 1 hour to obtain modifiers-6 to -·10 and comparative product-2 having the 
ingredients uniformly dispersed. 
[0192] Frozen dough for butter rolls was prepared by using t~,e modifiers-6 to -10 and the comparative product-2 and 
evaluated for bread making properties (Examples 43 to 4 7 and Comparative Example 29). The formulation in the test is 
shown in Table 8 below. The dough was prepared as follows. Ingredients other than the modifier and margarine were 
put into a mixer and mixed at a low speed for 2 minutes and at a medium speed for 5 minutes. The modifier and margarine 
were added, and mixing was continued at a low speed for 2 minutes and then at a medium speed for 4 minutes. The 
mixing temperature was 27°C. The dough was allowed to ferment at 28°C and 75°,{, humidity for 30 minutes. The proofed 
dough was divided into 45 g portions. After a bench time of 15 minutes, the proofed dough was shaped, deep frozen at 
-38°C for 15 minutes, and stored in a freezer at -20°C. After 2, 4, 6 or 8 week storage, the frozen dough was thawed at 
20°C, finally proofed at 38°C and 80% humidity, and baked in an oven at 200°C for 10 minutes to obtain butter roils. 
After cooling, the butter rolls were packed in a polyethylene bag. After left to stand at 25°C for 24 hours, the butter rolls 
were evaluated for specific volume, hardness, appearance, and taste. The results obtained are shown in Table 9 below. 
[0193] The specific volume is a value obtained by dividing the volume of a sample by its weight. The higher the value, 
the higher the volume. The hardness was represented by the number of grams required for 40%, compressing a 3 cm 
thick cut piece of a sample with a disk of 2.5 cm in diameter as measured with a rheometer (Yamaden Incorporation). 
The smaller the number, the softer. The appearance was observed with the naked eye and ranked A to C (A: even brown 
color with a sheen; B: slightly uneven brown color with a poor sheen; C: considerably uneven brown color with no sheen). 
The taste was ranked A to C (A: excellent in flavor and softness; B: normai; C: lacking in flavor or softness). 
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TABLE 7 

Formulation of Quality Modifier (frozen dough) 

Modifier 
5 Comparative Product 2 

6 7 8 9 10 

Extracted ~-glucans 85 73 60 80 87 

Diacetyltartaric acid monogiyceride Na salt 15 18 8 20 

10 Sucrose fatty acld ester 1 15 

Fatty acid monoglyceride 15 

L-Ascorbic acid OJ 05 1 1 

L-Cystine 0.2 1 

r£-Amylase 0.5 0.5 0.3 0.6 

Glucoarnylase 0.2 0. 1 0.3 

Hemicellulase 0.4 0.4 0,2 0.4 

20 Protease 0.2 

Activated wheat gluten 8 9.2 15 6 4.4 20 

Wheat flour 7 -~ ') .... , ... ; 1(),1 24 

Sugar 1 2 2 2.5 
25 

Total(%) 100 100 100 100 100 100 

TABLE 8 

JO Formulation of Frozen Dough (unit: part) 

Example 
Comparative Example 29 

43 44 45 46 47 

35 Bread flour ·100 70 70 70 70 70 

Yeast 4 2 2 2 2 2 

Yeast food 0.1 

Water 44 4(-3 46 46 46 46 

40 
Soft white sugar 12 4 4 4 4 4 

Whole egg 10 

Edible sail 1.3 2 2 
,., 

2 2 L 

45 Margarine 10 4 4 4 4 4 

Defatted mllk powder 2.5 2 2 2 2 2 

fV1 od ifie r-6 4 

Modifier--? 4 
50 

Modifier-8 4 

Modifier-9 4 

Modifier--10 4 

55 Comparative Product-2 4 
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TABLE 9 

Evaluation for Bread making Properties of Frozen Dough 

Example 
Comparative Example 29 

43 44 45 46 47 

Specific volume 5.4 5.5 5.3 5.4 5.5 5.1 

Hardness 68 67 69 69 71 81 
2wks. 

Appearance A A A A A A 

Taste A A A A A B 

Specific volume 5.1 5.5 5.3 5.2 5.4 4.8 

Hardness 73 70 75 71 77 89 
4wks. 

Appearance A A A A A A 

Taste A A A A A B 

Specific volume 5.1 5.1 5.2 5.1 4.9 4.5 

Hardness 79 78 80 82 81 92 
6wks. 

Appearance A A A A B B 

Taste A A A A B C 

Specific volume 4.6 4.9 5 4.8 4.7 4.4 

Hardness ,:ir t;.,::, 79 82 85 87 1"10 
8wks. 

Appearance A A A A B B 

Taste A A A B B C 

[0194] As is apparent from the results of evaluation shown in Table 9 above, the frozen dough containing the modifiers-
6 to -10 containing the p-glucan extract and having been stored in a freezer for 2 to 8 weeks exhibited excellent bread­
making properties. It was proved that the modifiers are contributo1y to flavor enhancement and enable reduction of 

35 amounts of additives conventionally employed in bakery products while retaining bread making properties of dough. 

Examples 48 to 53 and Comparative Examples 30 to 35: 

[0195] Quality modifiers were prepared by using the f1-glucan extract (sample 2) obtained in Preparation Example 3 
40 (Preparation of p-glucans). 

[0196] Quality modifying compositions for bakery products comprising a J3-glucan extract, a glucide having at least 
one of an 1-2-a-D-glucopyranose bond, an 1-3-a-D-glucopyranose bond, an 14-a-D-glucopyranose bond, and an 1-6-
C(-D-glucopyranose bond (a-glucan), and D-fructose (Examples 48 to 53) were evaluated for volume, flavor, texture, 
and crispness. The results obtained are shown in fable 10 below. 

45 [0197] Bread, French bread, Danis~, pastries, pizza crusts and biscuits were made in usual manners. The volume was 
evaluated with the naked eye. The flavor, texture, and crispness were evaluated by 10 panel members and rated on an 
A-to-C scale according to the following standards. The rating given to a sample by the greatest number out of the 10 
panel members was the rating of the sample. For comparison, Comparative Examples 30 to 35 were carried out. In 
Table 10 below, the amounts of the extracted p-glucans, D-fructose, and a-glucans are represented as a percentage 

50 to wheat flour taken as 100°/0. 

1) Volume 

A ... Excellent volume 

55 

B ... Good volume 

C ... Poor volume 
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2) Fiavor 

A ... Very good flavor 
B ... Good flavor 

5 C ... Poor flavor 

3) Texture 

A ... Very good texture 
10 B ... Good texture 

C ... Poor texture 

4) Crispness 

A ... Very crispy 

B ... Crispy 

C ... Not crispy 

20 

25 

JO 

35 

40 

45 

50 

55 
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Example 54: Production of instant powdered consomme 

[0198] The j3-glucan extract (sample 2) obtained in Preparation Example 3 (Production of p-glucans) was mixed into 
a composition consisting of powdered soy sauce, edible salt, sugar, sodium glutamate, ginger powder, onion powder, 

5 fat powder, ground pepper, and beef-flavored powdered soup in such an amount as to give a 2%, concentration when 
mixed with hot water to obtain instant powdered consomme. On pouring hot water into the instant powdered consomme, 
the powder was dispersed in hot water without forming lumps to give consornrne containing !3-glucans. 

10 

Example 55: Making of corn potage 

[0199] A hundred milliliters of tvvo-fold concentrate potage (available from Asahi Denka Kogyo K.K.), 100 ml of milk, 
and 20 g of the p-glucan extract (sample 2) obtained in Preparation Example 3 (Production of p-glucans) were mixed 
by stirring at 80°C to prepare 13--glucan--containing potage. The com potage of the present invention was excellent with 
no strange feeling in taste and texture, sue~, as rough texture. 

Example 56: Production of fermented lactic acid beverage 

[0200] Fifteen grams of fermented milk having a milk solid content of 21 %, 13 g of fructoseiglucose liquid sugar, 0.5 
g of pectin, 0.08 g of citric acid, 0.15 g of flavor, 2 g of the 13-glucan extract (sample 2) obtained in Preparation Example 

20 3 (Production of J3-•glucans)i and c-34 g of water vvere mixed by stirring to prepare a ~--glucan-containing fermented lactic 
acid beverage. The fermented lactic acid beverage was excellent in uniformity, taste and texture. 

Example 57: Making of milk beverage 

25 [0201] One gram of the p-glucan extract (sample 2) obtained in Preparation Example 3 (Production of tl-glucans) was 
mixed into ·150 ml of milk by stirring to obtain a p-glucan-containing milk beverage. The p-glucans were found uniformly 
dissolved and dispersed in the beverage, and the milk beverage was excellent in taste and texture. 

JO 

35 

Example 58: Making of cocoa 

[0202] The p-glucan extract (sample 2) obtained in Preparation Example 3 (Production of !3-glucans) was mixed into 
a commercially available instant cocoa mix in such an amount as to give a 5% concentration when mixed with hot water 
to prepare a 13-glucan-containing instant cocoa mix. On pouring hot water, the instant cocoa mix was dispersed without 
forming lumps to provide p-glucan-containing cocoa. 

Example 59: Making of cream soup with onion 

[0203] 13-Glucan-containing powdered soup mix was prepared by uniformly mixing well 28.7 g of edible oil, 19 g of 
wheat flour, 12.52 g of dried onion chips, 12 g of defatted milk powder, 8 g of edible salt, 4 g of onion powder, 1.25 g of 

40 sodium glutamate, 2 g of chicken extract, 0.1 g of white pepper, 10 g of maize flour, 0.4 g of carrageenan, and 2Jl3 g 
of the 13-glucan extract (sample 2) obtained in Preparation Example 3 (Production of p-glucans). A comparative soup 
mix was prepared by replacing the p-glucans with 2.03 g of wheat flour. On pouring 100 ml of hot water into 20 g of each 
soup mix, the 13-glucan-containing soup mix was dissolved and dispersed uniformly in several seconds, whereas the 
comparative soup mix formed lumps and was difficult to dissolve. 

45 

Example 60: Making of tempura - 1 

[0204] A hundred grams of commercial cake flour (Nippon Flour Mills Co., Ltd.), one whole egg, 3 g of the p-glucan 
extract (sample 2) obtained in Preparation Example 3 (Production of 13-glucans), and 120 g of water were lightly mixed 

50 to prepare batter. Prawns from which the head and vein had been removed were each dipped in the batter and deep­
dried in oil to make tempura. For comparison, tempura was made by using batter containing no !3-glucans. The tempura 
of the present invention was superior to the comparative one in brown color, taste and texture. 

55 

Example t-31: Making of tempura - ~: 

[0205] A hundred grams of commercial cake flour (Nippon Flour Mills Co., Ltd.), one whole egg, 3 g of the p-glucan 
extract (sample 2) obtained in Preparation Example 3 (Production of 13-glucans), and 120 g of water were lightly mixed 
to prepare batter. Prawns from which the head and vein had been removed were each dipped in the batter and deep 
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frozen at -20°C. The resulting frozen prawn tempura ready to deep-fry was preserved at -18°C for i week and deep­
dried in oil. For comparison, tempura was made by using batter containing no B-glucans. The tempura of the present 
invention was superior to the comparative one in brown coior, taste and texture. 

5 Example 62: Making of okonomi-yaki (as-you-like-it pancake) 

[0206] A hundred fifty grams of commercial cake flour (Nippon Flour fVliiis Co., Ltd.), 3/4 cup of water, 5 g of the~­
glucan extract (sample 2) obtained in Preparation Example 3 (Production of ~-glucans), and a pinch of edible salt were 
mixed up thoroughly, and one whole egg was mixed therein to prepare thin dough. A portion of the dough was spread 

10 on a hot plate oiled vvith the fat and oil cornposition containing the j3-giucans extracted fro~n a gra~nineous p!ant which 
was obtained in Example 4. Cabbage, green onion, sakura shrimps, and green seaweed flakes were placed thereon, 
and the rest of the dough was poured thereon. The dough with fiiiing was turned up and further cooked to make okonomi­
yaki. Comparative okonomi-yaki was made without using ~--glucans. The okonomi-yaki of the present invention was 
excellent in brown color, taste, and texture. 

Example 63: Production of frozen creamy crab korokke (Japanese style croquettes) - 1 

[0207] A pan was put on fire, and 70 parts of cake flour, 70 parts of salted butter, and 80 parts of onion were sauteed 
in the pan. The pan was taken off the fire, and 360 pa1is of milk was added. The pan was put back on the fire, and the 

20 1-nixture vvas stirred weii to prepare vvhite sauce. l-\ hundred parts of canned crab meat vvas n-·dxed into 500 parts of the 
white sauce, and the mixture was shaped into patties each weighing 50 g. Each patty was covered wit~, cake flour, egg, 
and then bread crumbs containing 5% of the ~-glucan extract (sample 2) obtained in Preparation Example 3 (Production 
of B--glucans) and deep frozen at --30"C. After 1 month storage at •-20"C, the frozen korokk.e was thawed, deep dried in 
salad oil heated to ·180"C for 2 minutes and 30 seconds, drained on paper towel to make creamy crab k.orok.ke. Com-

25 parative creamy crab korokkewas made without using the p-glucans. The creamy crab k.orokke of the present invention 
was superior to the comparative one in taste and texture. 

Example 64: Production of frozen creamy crab k.orokke - 2 

JO [0208] fl.. pan vvas put on 'fire 1 and 70 parts of cake flour, 70 parts of sa!ted butter, and 80 parts of onion were sauteed 
in the pan. The pan was taken off the fire, and 360 parts of milk was added. The pan was put back on the fire, and the 
mixture was stirred well to prepare white sauce. A hundred parts of canned crab meat was mixed into 500 parts of the 
white sauce, and the mixture was shaped into patties each weighing 50 g. Each patty was covered with cake flour, egg, 
and t~;en bread crumbs containing 5% of the !3-glucan extract (sample 2) obtained in Preparation Example 3 (Production 

35 of ~-glucans), and deep dried in salad 011 heated to 180°C for 2 minutes and 30 seconds. The resulting korok.ke was 
deep frozen and stored at -20°C. For comparison, frozen korokke was made without using the ~-glucans. After ·1 month 
storage, the frozen korok.ke was cooked in a microwave oven (500 W) for 1 minute. The creamy crab korok.ke according 
to t~,e present invention was crispy, not watery, and excellent in appearance, flavor and texture as compared with the 
comparative one. 

40 
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Industrial Applicability: 

[0209] The present invention provides a p-glucan-containing fat and oil composition which supplies B-glucans having 
excellent bioregulatory functions without being accompanied by reductions in taste, texture, and the like. 

Claims 

1. A tl-glucan-containing fat and oil composition characterized by containing ~-glucans which have a molecular weight 
50 average of less than 500.000 and are extracted from a gramineous plant. 

55 

2. The ~-glucan-containing fat and oil composition according to claim 1, which contains a p-glucan having at least tvvo 
kinds of bonds selected from a 1-2-B-D-glucopyranose bond, a 1-3-B-D-glucopyranose bond, a 1-4-p-D-glucopyran­
ose bond, and a 1-6-p-D-glucopyranose bond. 

3. The p-glucan-containing fat and oil composition according to claim i or 2, which contains a p-glucan having a 1-3-
p-D-glucopyranose bond and a 1-4-p-D-glucopyranose bond. 
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The p-glucan-containing fat and oil composition according to any one of claims i to 3, wherein said gramineous 
plant is barley or oats. 

A food containing the p-glucan-containing fat and oil composition according to any one of claims 1 to 4. 

A fat and oil emulsified composition containing the p-glucan--containing fat and oil composition according to any one 
of claims 1 to 4. 

A bakery product containing the 13-glucan-containing fat and oil composition according to any one of claims 1 to 4. 

A confectionery product containing the p-glucan-containing fat and oil composition according to any one of claims 
1 to 4. 

A food ~,aving a prophylactic action for a habitual disease containing the !3-glucan-containing fat and oil composition 
according to any one of claims 1 to 4. 

10. A drug having a prophylactic action for a habitual disease containing t~,e p-glucan-containing fat and oil composition 
according to any one of claims 1 to 4. 

20 11. A processed rice, wheat, ~naize or soybean product containing the ~•-glucan-containing fat and on con1position 
according to any one of claims 1 to 4. 

12. A liquid food containing the j3-glucan-containing fat and oii composition according to any one of claims 1 to 4. 

25 13. A processed food mainly comprising starch and containing the tl-glucan-containing fat and oil composition according 
to any one of claims 1 to 4. 

JO 
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Patentanspri.iche 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

P-Glucan enthaltende Zusammensetzung aus Fett und 01, dadurch gekermzeichnet, dass sie !3-Glucane enthalt, 
die einen Molekulargewichtsdurchschnitt von weniger als 500000 haben und aus einer Graspflanze extrahiert sind. 

~-Glucan enthaltende Zusarnrnensetzung aus Fett und 01 nach Anspruch 1, die ein ~-Glucan mit wenigstens zwei 
Arten von Bindungen, ausgewahlt aus einer 1-2-P-D-Glucopyranose-bindung, einer 1-3-p-D-Glucopyranosebin­
dung, einer 1-4-13-D-Glucopyranosebindung und einer 1-6-p-D-Glucopyranose-bindung, enthalt. 

p-Glucan ent~;altende Zusammensetzung aus Fett und 01 nae~, Anspruch 1 oder 2, die ein P-Glucan mit einer 1-3-
p-D-Glucopyranosebindung und einer 1-4-13-D-Glucopyranosebindung enthalt. 

~-Glucan enthaltende Zusammensetzung aus Fett und 01 gema~ einem derAnspr(ic~,e ·1 bis 3, wobei die Graspflanze 
Gerste oder Hafer ist. 

Nahrung, enthaltend die !3--rnucan enthaltende Zusammensetzung aus Fett und ()I gemaE, einem der Anspruche 1 
bis 4. 

Emulgierl:e Zusammensetzung aus Fett und ()I, enthaitend die 13 .. (;iucan enthaltende Zusammensetzung aus Fett 
und 01 gernaf?i einem der Anspr(iche 1 bis 4. 

Backereiprodukt, enthaltend die P-Glucan enthaltende Zusammensetzung aus Fett und 01 gema~ einem der An­
spruche 1 bis 4. 

SuP..warenprodukt, enthaltend die P-Glucan enthaltende Zusammensetzung aus Fett und 01 gema~ einem der 
Anspruche 1 bis 4. 

Nahrung mit einer prophylaktischen Wirkung fur eine Gewohnheitskrankheit (habitual disease), enthaltend die P­
Glucan enthaltende Zusammensetzung aus Fett und 01 gema~ einem der Anspruche ·1 bis 4. 
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10. Arzneimittel miteiner prophylaktischen Wirkung ffireine Gewohnheitskrankheit, enthaltend die ~-Glucan enthaltende 
Zusammensetzung aus Fett und 01 gemar.. einem der Anspruche 1 bis 4. 

11. Behandeltes Reis-, Weizen-, Mais- oder Sojabohnenprodukt, enthaltend die !3-Glucan enthaltende Zusammenset-
5 zung aus Fett und 01 gemar.. einem der Anspruche ·1 bis 4. 

12. Flussige Na~;rung, enthaltend die p-Glucan enthaltende Zusammensetzung aus Fett und 01 gemal1 einern der 
Anspri.'1che 1 bis 4. 

10 13. Behande!te Nahrung, die hauptsach!ich Starke beinhaltet und die 13 .. (;lucan enthaitende Zusan--in--iensetzung aus 

20 

25 

JO 

35 

40 

45 

Fett und 01 gemaf~ einem der AnsprC1che 1 bis 4 enthalt. 

Revendications 

1. 

2. 

3. 

4. 

5. 

s. 

7. 

8. 

9. 

10. 

11. 

Composition d'huile et de graisses contenant des 0-glucanes caracterisee en ce qu'eile contient des p-glucanes 
qui ont un poids moieculaire moyen inferieur a 500 000 et qui sont extraits d'une plante graminee. 

Composition d'huile et de graisses contenant des 0-glucanes selon la revendication 1, qui contient un ~-glucane 
ayant au moins deux types de liaisons choisies a partir d'une liaison l-2-p-D-glucopyranose, une liaison ·1 .. 3 .. p .. !J .. 

glucopyranose, une liaison 1-4-!3-D-glucopyranose et une liaison 1-6-!3-D-glucopyranose. 

Composition d"huiie et de graisses contenant des µ-glucanes selon la revendicafon 1 ou 2, qui contient un 0-glucane 
ayant une liaison 1-3-!3-D-glucopyranose et une liaison 1-4-p-D-glucopyranose. 

Composition d'huile et de graisses contenant des µ-glucanes selon l"une quelconque des revendications 1 a 3, dans 
laquelle iadite plante graminee est l'orge ou l'avoine. 

Aliment contenant la composition d'huile et de graisses contenant des ~-glucanes selon l"une quelconque des 
revendications 1 a 4. 

Composition emulsifiee d'huile et de graisses contenant la composition d'huile et de graisses contenant des f1-
glucanes selon l'une quelconque des revendications ·1 a 4. 

Produit de boulangerie contenant la composition d'huile et de graisses contenant des ~-glucanes selon l'une quel­
conque des revendications ·1 a 4. 

Produit de confiserie contenant la composition d'huile et de graisses contenant des p-glucanes selon l'une quel­
conque des revendications 1 a 4. 

Aliment ayant une action prophylactique pour une maladie courante contenant la composition d'huile et de graisses 
contenant des ~-glucanes selon l'une quelconque des revendications 1 a 4. 

Medicament ayant une action prophylactique pour une maladie courante contenant la composition d'huile et de 
graisses contenant des µ-glucanes selon l'une quelconque des revendications 1 ,'i 4. 

Produit traite de riz, ble, ma·1s ou soja contenant la composition d'huile et de graisses contenant des µ-glucanes 
selon l'une quelconque des revendications 1 ~, 4. 

50 12. Aliment liquide contenant la composition d'huile et de graisses contenant des 0-glucanes selon l'une quelconque 
des revendications 1 a 4. 

55 

13. Aliment traite comprenant essentiellement de l'amidon et contenant la composition d'huile et de graisses contenant 
des µ-glucanes selon l'une quelconque des revendications 1 a 4. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

5 [0001] The present invention relates to compositions comprising oil bodies. These oil bodies have a volume weighted 
mean diameter within the range of 0.1-100 µ,m and comprise a lipid matrix surrounded by a layer of phospholipids 
embedded with structural proteins. 
[0002] The invention also concerns a novel process for the production of oil bodies. 

10 BACKGROUND OF THE INVENTION 

[0003] It is well-known in the food industry that the application of oils containing high levels of polyunsaturated fatty 
acids can give rise to serious off-flavour problems. These off-flavour problems are associated with the oxidation of the 
polyunsaturated fatty acids, leading to the formation of volatile, potent flavour molecules, such as unsaturated aldehydes. 

15 Flavour attributes associated with oxidation products of polyunsaturated fatty acids include "fish", "cardboard", "paint", 
"oily", "rancid" and "metallic". 
[0004] Whilst all polyunsaturated fatty acids have been associated with the aforementioned stability problems, lipids 
containing w-3 polyunsaturated fatty acid residues, notably lipids containing ro-3 C20-C24 polyunsaturated fatty acid 
residues (ro-3 long chain PUFA or ro-3 LC PUFA) are known to be extremely susceptible to oxidation. Oxidation of the 

20 latter fatty acid residues yields volatile oxidation products that introduce a foul "fishy" smell to the product containing 
these fatty acid residues. Typical examples of ro-3 LC PUFA include docosahexaenoic acid (DHA) and eicosapentaenoic 
acid (EPA). 
[0005] Although it is known that the rate of oxidation of polyunsaturated fatty acids may be reduced through the addition 
of anti-oxidants, the application of such anti-oxidants at best delays the formation of unacceptable off-flavour. However, 

25 the shelf-life of products containing appreciable amounts of w-3 LC PUFA, especially food products and beverages, is 
inherently limited as a result of the inevitable oxidation of these fatty acid residues. Furthermore, in some product 
applications, e.g. in water-containing products containing dissolved pro-oxidative salts of e.g. iron or copper, it is essen­
tially impossible to employ ro-3 LC PUFA as rapid oxidation of these fatty acid residues will commence as soon as the 
product has been compounded. 

30 [0006] Many, many scientific publications have been issued during the past two decades that strongly suggest that 
regular consumption of significant amounts of ro-3 LC PUFA can deliver important health benefits. In particular, there is 
compelling evidence that mental health, (development of) cognitive capabilities and cardiovascular health are positively 
affected by the consumption of ro-3 LC PUFA. Hence, there has been no lack of effort in the industry to develop food 
products, beverages, nutritional preparations and pharmaceutical preparations that contain appreciable amounts of ro-

35 3 LC PUFA. However, widespread application of ro-3 LC PUFA in especially food products and beverages has been 
frustrated by the oxidative instability of these fatty acids. 

SUMMARY OF THE INVENTION 

40 [0007] The present inventors have unexpectedly that the oxidative instability of ro-3 LC PUFA in products can be 
reduced dramatically by incorporating ro-3 LC PUFA in the form of oil bodies and that these oil bodies can be obtained 
with a special process. 
[0008] Oil bodies are the discrete intracellular organelles in which triacylglycerides are stored in, for instance, plant 
seeds. Plant oil bodies are spherical particles about 0.5-4 µmin diameter and are found in all oilseed plants (i.e. canola, 

45 flax, sunflower, soybean and corn). The oil-bodies consist primarily of a central droplet of oil (predominantly consisting 
of triglycerides) that is surrounded by a coat essentially consisting of a phospholipid monolayer and structural proteins. 
[0009] Oil bodies are remarkably stable both inside cells and in isolated preparations. In both situations the oil bodies 
occur as individual entities. The structural proteins that together with the phospholipid monolayer surround the central 
lipid core of the oil bodies, are believed to protect the phospholipids in the monolayer by making them inaccessible to 

50 external phospholipase A2 and phospholipase C. Structural proteins found in plant oil bodies include oleosins and 
caleosins. 
[0010] The structural protein oleosin is a relatively small protein (15 to 26 kD) and typically contains a central stretch 
of about 72 hydrophobic residues that is inserted into the lipid core whereas the amphiphatic N-terminal and C-terminal 
are located at the surface of the oil body. Both terminal portions of the oleosin can be either short (e.g. 4 residues) or 

55 very long (e.g. 1200 residues). The central hydrophobic stretch of about 72 uninterrupted hydrophobic residues is the 
hallmark of an oleosin. No other known protein in any organism has such a long hydrophobic stretch (Hsieh et al., Plant 
Physiol. 2004 November; 136(3): 3427-3434). 
[0011] The key structural features of caleosins are an N-terminal region with a single Ca2+ - binding EF hand domain, 
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a central hydrophobic region able to form a single bilayer span, and a C-terminal region with several putative protein 
kinase phosphorylation sites (D.J. Murphy, LIPID ASSOCIATED PROTEINS IN PLANTS, 16th Int. Plant Lipid Sympo­
sium, Budapest, June 2004, pages 1-8). Caleosins lack an N-terminal signal peptide, but do have a central, hydrophobic 
region of typically more than 30 residues. Like oleosins, caleosins contain a praline-rich region with the potential to form 

5 a "praline know" motif. 
[0012] The inventors have found that ro-3 LC PUFA containing oil bodies that are naturally present in some micro­
organisms, notably algae, may be recovered from these micro-organisms essentially undamaged and that the use of 
such oil bodies in food products provides the well-sought oxidative stability for ro-3 LC PUFA. 

10 DETAILED DESCRIPTION OF THE INVENTION 

[0013] The invention relates to a process for the isolation ofoil bodies as defined herein before, said process comprising: 

subjecting micro-organisms containing such oil bodies in a dry form to conditions that will cause rupture of the micro-
15 organism cells; 

optionally adding water, and creating a dispersion of the ruptured cells in water; 
allowing the oil bodies to be released from the cells into the surrounding water; and 
separating the oil bodies from the ruptured cell biomass. 

20 [0014] The micro-organisms are in a dry form before they are subjected to conditions that will cause rupture of the 
micro-organism cells. 
[0015] According to a particularly preferred embodiment, the micro-organisms employed in the present process are 
marine micro-organisms, preferably an algae strain belonging to one of the species Crypthecodinium cohnii, Odontella 
aurita or an algae strain of a species belonging to the Thraustochytriidae group. Most preferably, the algae strain is an 

25 algae strain of a species belonging to the Thraustochytriidae group. 
[0016] In the present method, the oil bodies may be separated from the ruptured cell biomass by means of any suitable 
separation technique. Examples of suitable separation techniques include decanting, filtration and centrifugation. Most 
preferably, the oil bodies are separated from the ruptured cell biomass by means of centrifugation. In order to facilitate 
separation of the oil bodies from the ruptured cell biomass, suitably processing agents are added, e.g. to increase the 

30 density of the aqueous cell biomass. 
[0017] Accordingly, one aspect of the invention relates to a composition comprising at least 0.1 wt.% of oil bodies, 
said oil bodies having a volume weighted mean diameter within the range of 0.1-100 µm and comprising a lipid matrix 
surrounded by a layer of phospholipids embedded with structural proteins, wherein the lipid matrix contains at least 80 
wt.% of glycerides, said glycerides containing at least 3 %, preferably at least 5 % ro-3 C20-C24 polyunsaturated fatty 

35 acid residues ( ro-3 LC PUFA) by weight of the total amount of fatty acid residues contained in said glycerides. 
[0018] The term "glyceride" as used herein encompasses lipids selected from the group consisting of triglycerides, 
diglycerides, monoglycerides, phosphoglycerides and combinations thereof. More preferably, the glycerides are selected 
from the group consisting of triglycerides and diglycerides. Most preferably, the glyceride is triglyceride oil. 
[0019] The aforementioned lipid matrix represents the core of the oil body and preferably contains at least 90 wt.% of 

40 glycrerides, even more preferably at least 95 wt.% of glycerides and most preferably at least 98 wt.% of glycerides. 
Besides glycerides of various structures and fatty acid chain length the lipid matrix may also contain other minor com­
ponents that are dissolved in said matrix. 
[0020] The composition according to the present invention advantageously comprises 0.3-10 wt.% of the oil bodies. 
Even more preferably, said composition contains 0.5-8 wt.% of said oil bodies. The volume weighted mean diameter of 

45 the present oil bodies typically is within the range of 0.3-50 µ,m, especially within the range of 0.5-30 µ,m. The phospholipid 
layer surrounding the lipid core of the oil body usually is a monolayer. 
[0021] The oil bodies employed in according with the present invention are advantageously derived from a micro­
organism selected from the group consisting of algae, fungi, yeast and combinations thereof. More preferably, the oil 
bodies are derived from algae or fungi, most preferably from algae. The amino acid sequence of the structural protein 

50 in the oil bodies can be used to identify the exact origin of the oil body. 
[0022] The oil bodies of the present invention are suitably isolated from marine micro-organisms. Members of the 
following families are capable of producing ro-3 LC PUFA: Thraustochytriidae, Crypthecodiniaceae, Gymnodiniaceae, 
Prorocentraceae, Haptophyceae, Skeletonemataceae, Cryptomonadaceae, Phaeodactylaceae. Specific examples of 
ro-3 LC PUFA producing species include: Amphidinium, Amphor, Asterionella, Biddulphia, Ceratium, Chaetoceros, 

55 Ch/ore/la, Chroomonas, Coch/odinium, Crisphaera, Crypthecodinium, Cryptomonas, Cyclotella, Cy/indrotheca, Oun­
iella, Emiliania, Fragilaria, G/enodinium, Gonyaulax, Gyrodinium, Haematococcus pluvialis, Heteromastix, /sochrysis, 
Lauderia, Monochrysis, Monodus, Moritella, Mortierella, Nannoch/oris, Nannoch/oropis, Navicu/a, Ni tzschia, Odon tel/a, 
0/isthodiscus, Pavlova, Peridinium, Phaeodactylum, Porphyridium, Prorocentrum, Pseudopedinella, Rhode/la, Rho-
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dodomas, Schizochytrium, Skelentonema, Stauroneis, Tetrase/mis, Thalassiosira, Thrautochytrium, U/kenia. 
[0023] According to a particularly preferred embodiment, the oil bodies are derived from marine micro-organisms, 
preferably from an algae strain belonging to one of the species Crypthecodinium cohnii, Odontella aurita or an algae 
strain of a species belonging to the Thraustochytriidae group. Most preferably, the algae strain is an algae strain of a 

5 species belonging to the Thraustochytriidae group. Preferred species belonging to the Thraustochytriidae group are 
Schizochytrium, Thraustochytrium, U/kenia, Aplanochytrium, Japonochytrium. 
[0024] Lipid containing isolates from algae have been marketed for use in animal feed. These isolates contain appre­
ciable amounts of algae biomass. In accordance with the present invention it is preferred to employ relatively 'clean' oil 
bodies. Accordingly, in advantageous embodiment, no algae biomass or more preferably no biomass at all, is attached 

10 to the oil bodies or such (algae) biomass is attached in an amount of less than 50%, preferably of less than 30% by 
weight of the oil bodies. 
[0025] The benefits of the present invention are particularly appreciated when the composition contains a significant 
amount of water, e.g. at least 1 wt.% of water. Preferably, the present composition contains at least 5 wt.%, more 
preferably at least 10 wt.% and most preferably at least 15 wt.% of water. In case the present product contains water, 

15 the oil bodies are preferably dispersed within the water. 
[0026] As explained herein before, oxidation of ro-3 LC PUFA is stimulated by the presence of pro-oxidative metal 
salts. The oil bodies of the present invention display a remarkable oxidative stability even in the presence of such pro­
oxidative metal salts. Presence of pro-oxidative metal salts in a product cannot be avoided if tap water or mineral water 
is used. Furthermore, the incorporation of such metals may be desirable from a nutritional perspective. Hence, according 

20 to a preferred embodiment, the water contained in the present product contains at least 5 mg per kg of water, preferably 
at least 10 mg per kg of water of a pro-oxidative metal cation selected from iron, copper, zinc and combinations thereof. 
According to a particularly preferred embodiment, the present composition contains at least 0.1 mg/kg or even at least 
1 mg/kg of iron cations, more preferably at least 5 mg/kg, even more preferably at least 10 mg/kg and most preferably 
at least 15 mg/kg of iron cations. 

25 [0027] Triglycerides typically constitute the bulk of the oil bodies of the present invention. Typically, the oil bodies 
contain at least 80 wt.% of triglycerides. More preferably, the oil bodies contain at least 90 wt.% of triglycerides. The 
triglycerides contained in the lipid matrix preferably contain at least 10%, most preferably at least 20% ro-3 LC PUFA by 
weight of the total amount of fatty acid residues contained in said triglycerides. 
[0028] The oil bodies of the present invention can suitably contain a variety of ro-3 LC PUFA, including eicosapentaenoic 

30 acid and docosahexaenoic acid. The ro-3 LC PUFA in the present oil bodies is preferably selected from eicosapentaenoic 
acid (EPA), docosahexaenoic acid (DHA) and combinations thereof. Most preferably, ro-3 LC PUFA is DHA. 
[0029] In algae oil usually both EPA and DHA are present. Typically, the weight ratio of EPA:DHA in algae oil is in the 
range of 1:100 to 100:1. In the present oil bodies, the weight ratio of EPA:DHA preferably is in the range of 1 :80 to 10: 
1, more preferably in the range of 1 :60 to 1: 10. 

35 [0030] Phospholipids are normally present in the oil bodies of the present invention in a concentration of 0.2-5 wt.%. 
The structural proteins usually represent 0.2-7 wt.% of the oil bodies. 
[0031] The structural protein present in the oil bodies of the present invention preferably has a hydrophilic N-terminal 
portion and/or a hydrophilic C-terminal portion; and a central stretch of preferably at least 25, more preferably of at least 
30, even more preferably at least 50 and most preferably at least 70 uninterrupted hydrophobic residues. According to 

40 another preferred embodiment, the central stretch of hydrophobic residues of the structural protein is inserted into the 
lipid core and the amphiphatic N-terminal and/or amphiphatic C-terminal are located at the surface of the oil bodies, with 
positively charged residues embedded in a phospholipid monolayer and the negatively charged ones exposed to the 
exterior. In accordance with a particularly preferred embodiment, the structural protein contains both an amphiphatic N­
terminal and an amphiphatic C-terminal with are both located at the surface of the oil bodies. Most preferably, the 

45 structural protein employed in accordance with the present invention is an oleosin or a caleosin. 
[0032] The structural proteins present in the oil bodies of the present invention typically have a molecular size of 
10-100 kD, more preferably of 12-70 kD. 
[0033] The present invention enables the application of ro-3 LC PUFA in a wide array of food products. Thus, in an 
advantageous embodiment, the composition is an edible composition, such as a food product or a beverage. Even more 

50 preferably, the composition is selected from the group consisting of beverages (e.g. nutritional beverages and dairy 
drinks), spreads, nutrition bars, pasta products, ice cream, desserts, dairy products (e.g. yogurt, quark, cheese), dress­
ings, sauces, soups, instant powders, fillings, dips and breakfast type cereal products (e.g. porridge). According to a 
particularly preferred embodiment, the edible product is a beverage, a nutrition bar or an instant powder. The term 
"instant powder" refers to an essentially dry powder that prior to consumption can be reconstituted with water to produce, 

55 for instance, a beverage or a soup. 
[0034] The edible composition of the present invention may suitably contain additional ingredients such as carbohy­
drates, emulsifiers, herbs, spices, anti-oxidants, preservatives, flavourings, colourings, vitamins and minerals. Further­
more, the edible composition may optionally comprise, in suitable amounts, one or more agents which may beneficially 
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influence (post-prandial) energy metabolism and substrate utilisation, for example caffeine and flavonoids (including tea 
catechins, capsaicinoids and canitine). 
[0035] According to a preferred embodiment, the edible composition contains added vitamins selected from at least 
one of: Vitamin A, Vitamin B1, Vitamin B2 (riboflavin), Vitamin B3 (Niacinamide), Vitamin B5 (d-Ca-pantothenate), Vitamin 

5 B6, Vitamin B11, Vitamin B12 (Cyanocobalamin), Vitamin C (Ascorbic acid), Vitamin D, Vitamin E (Tocopherol),Vitamin 
H (Biotin), and Vitamin K. 
[0036] The composition also preferably comprises added minerals selected from at least one of; calcium, magnesium, 
potassium, zinc, iron, cobalt, nickel, copper, iodine, manganese, molybdenum, phosphorus, selenium and chromium. 
[0037] One or more of the above-mentioned vitamins and minerals are preferably present at amounts of from 5 to 

10 45% of the amounts given in the above European Commission Directive 96/8/EC, especially 5 to 40%, most especially 
10 to 30%. 
[0038] Another aspect of the present invention relates to the use of the oil bodies as defined herein before in the 
treatment or prevention of disorders or of impaired cognitive function. Examples of disorders that may suitably be treated 
with the present oil bodies include atherosclerosis, cardiovascular disorders and coronary heart disease. The ro-3 LC 

15 PUFA in the oil bodies helps to reduce or prevent serum oxidative stress leading to the aforementioned disorders. The 
present oil bodies are also advantageously used in the improvement or treatment of cognitive and mental conditions 
and disorders as well as the maintenance of normal functions of brain-related systems and processes, preferably ADHD, 
aging, Alzheimer's disease, Parkinson's disease, multiple sclerosis (MS), dyslexia, depression, learning capabilities, 
stress, anxiety, concentration and attention. 

20 [0039] The aforementioned uses preferably comprise oral administration of the oil bodies. Typically, the oil bodies are 
administered in an amount that is sufficient to deliver at least 10 mg of ro-3 LC PUFA per administration event. More 
preferably, at least 30 mg, even more preferably at least 50 mg and most preferably at 100 mg of ro-3 LC PUFA is 
delivered per administration event. 
[0040] As will be appreciated from the above, the oil bodies are advantageously ingested in the form of an edible 

25 product, e.g. a food product, a beverage, a nutritional preparation or a pharmaceutical preparation. Most preferably, the 
edible product is a food product or a beverage. It will be understood that the present invention may suitably be employed 
to treat animals, such as mammals. Most preferably, the present invention is used to treat humans. 
[0041] The invention is further illustrated by means of the following examples. 

30 EXAMPLES 

Example 1 

[0042] Oil bodies were extracted from dry Schizochytrium micro-algae biomass. The composition of the starting material 
35 is presented in Table 1: 

Table 1 

Wt.% 

40 Inorganic matter 8.2 

Fat# 59.4 

Protein 2.5 

Moisture 11.4 
45 

50 

55 
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( continued) 

Wt.% 

Carbohydrates * 18.5 

* Value estimated by 
subtraction of 100% minus 
protein, fat, inorganic 
matter and water content. 
# Soxhlet extraction of 80 
grams of dried algae with 
hexane, followed by 
hexane removal in a rotary 
evaporator, yielded 19.2 
grams of extracted oil, said 
oil having a fatty acid 
composition containing 
0.05% a-linolenic acid 
(ALA), 1.32% EPA and 
34.72% DHA. 

[0043] The oil bodies were extracted from dry algae biomass using the following procedure. Fifty gram of dry Schizo­
chytrium micro-algae biomass was mixed with 500 ml of grinding solution (0.6M sucrose) in a Waring blender at a speed 
of 22,000 rpm for one minute. The extraction solution, which contained the oil bodies and different solutes, was separated 

25 from debris using a laboratory sieve with a mesh size of 150 µ,m. 
[0044] The liquid phase was further processed in a Sorvall centrifuge, equipped with a GSA rotor, for 30 minutes at 
8,000 rpm in order to isolate the oil bodies. A separation in three phases was observed. At the bottom a layer of sediment, 
consisting mainly of fibres and proteins was formed. In the middle an aqueous phase consisting of water and solutes 
was formed. The top layer consisted of a creamy phase consisting of oil bodies mixed with water and some impurities. 

30 [0045] The cream top layer was carefully removed with a spoon and subjected to three more liquid-liquid separation 
steps successively using three different aqueous buffer solutions 1, 2 and 3. 

35 

40 

45 

50 

Floating buffer 1 0.2M sucrose I 1.0M NaCl 

Floating buffer 2 0.1 M sucrose I 1.0M NaCl 

Floating buffer 3 0.2M NaCl 

[0046] The composition of the Schizochytrium micro-algae oil bodies was determined for three different batches of 
oil bodies. The results are presented in Table 2: 

Table 2: Composition of three different batches of Schizochytrium micro-algae oil bodies. 

Batch 1 Batch 2 Batch 3 

Fat(wt%) 24.9 16.1 --

Moisture (wt%) 68.9 72.8 84.7 

Protein (wt%) -- 1.9 --

Particle size distribution* D3, 2 (µm) 4.4 9.5 4.8 I 4.8 

D4, 3 (µm) 7.8 20.4 9.7 I 10.1 

* D3, 2 is the surface-weighted mean diameter and D4, 3 is the volume-weighted mean diameter. 

[0047] Both the isolated oil bodies as well as the algae starting material were analysed by means of confocal scanning 
55 laser microscopy (CSLM). Microscopic observations were performed on a Bio-Rad confocal microscope equipped with 

a Zeiss inverted microscope system using an oil immersion 40 times objective lens N.A. 1.25. The Bio-Rad system was 
controlled by Lasersharp software running under OS2. Two laser lines from the argon/ krypton laser, 488 and 647 nm 
were used to excite the fluorochrome nile blue. Green fluorescence (excitation wavelength 488 nm) indicating the 

6 
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presence of lipids was detected in a band at 605 +/- 16 nm. The red fluorescence (excitation wavelength 647 nm) 
indicating the presence of protein and other more polar components was detected at 680 +/-16 nm. 
[0048] Schizochytrium micro-algae biomass and the isolated oil body suspensions isolated therefrom were coloured 
with a nile blue solution. On both the CSLM images of the Schizochytrium micro-algae and the oil body suspensions, 

5 green spheres were seen. In the CSLM images of the micro-algae biomass, substantial parts of the green spheres were 
coloured red, indicating that protein cell-wall material is attached to the oil core. 

Example 2 

10 [0049] In order to investigate the oxidative stability of oil bodies an accelerated storage test was performed. The 
stability of the oil contained in oil bodies obtained through the isolation procedure described in Example 1 was compared 
with the oxidative stability of commercially available pure oil isolated from the same Schizochytrium source (ex Martek 
Biosciences, USA). Unlike the isolated oil bodies, the pure algae oil contained added anti-oxidants (rosemary extract, 
tocopherols and ascorbyl palmitate). 

15 [0050] In a series of serum flasks were added: 16.7 gram of oil bodies of batch 1 of Example 1 or a comparable amount 
of the same type of pure oil (5.0 gram), 0.140 g of Hymono and 60 ml of a 0.035 wt% citric acid buffer pH 5.0. The flasks 
was flushed with air for five minutes to ensure that the headspace contained 20.9% oxygen. To minimise light-induced 
oxidation of the emulsions, the flasks were wrapped in aluminium foil, incubated in an incubator shaker (lnnova 4230, 
New Brunswick Scientific, USA) at 60 °C, and shaken at 250 rpm for a maximum of 96 hours. At time intervals of 24 

20 hours, oxygen headspace analysis (Servomex 574 provided with Digitron pressure indicator P200AH) was performed 
on headspace samples taken from the flasks. 

25 

30 

[0051] The results obtained are depicted in Table 3: 

Table 3 

Oxygen concentration after 

0 hr 24 hrs 48 hrs 72 hrs 96 hrs 

Pure oil 20.9 19.8 15.3 6.8 0.1 

Oil bodies 20.9 19.9 19.2 18.6 18.1 

[0052] These results clearly show that much less oxygen is consumed by sample containing the oil bodies than the 
by the sample containing the pure oil. 
[0053] In addition, off-flavour formation after accelerated storage was analysed: Approximately 20 gram emulsion was 

35 distributed among 20 headspace vials (Chrompack, 20 ml). In all samples the amount of fat was kept constant. The 
sample vials were flushed with 100% oxygen, capped and placed in an oven at 60 °C in the dark. The samples are 
oxidised in the oven without stirring or mechanical agitation. Duplicate samples were removed from the oven at regular 
time intervals (typically twice a day) and cooled down to ambient temperature in the dark. The samples were de-capped 
and flushed for ca. 6 seconds with a nitrogen stream at a flow rate of 500 ml/min to prevent further oxidation. The samples 

40 were re-capped and stored at -18 °C until further analysis. 
[0054] Samples oxidised for various lengths of time were collected for headspace analysis using a GC-17A gas 
chromatograph (Shimadzu). The samples were placed in an automated headspace sampler at 40 °C and allowed to 
equilibrate for at least 30 minutes. Headspace samples (2.5 ml) were taken with a gas-tight syringe and injected in split 
mode (ratio 5:1) onto a capillary CP-Sil 5CB column (Chrompack). Column specifications: length 25 m, inside diameter 

45 0.25 mm, outside diameter 0.39 mm and film thickness 1.20 µ,m. The chromatograph was equipped with a flame ionisation 
detector. Temperatures at the inlet and detector were 200 °C and 280 °C, respectively. The temperature programming 
for gas chromatographic analysis was: 0 °C (4 min) - 40 °C/min - 40 °C (0 min) - 5 °C/min - 60 °C (0 min) - 40 °C/min -
200 °C (3 min). Samples were measured in random order to avoid systematic errors due to e.g. carry over effects. Peak 
areas (in µV.s) were quantified for the following oxidation off-flavours: acetaldehyde, propenal, pentane, 1-penten-3-

50 one, 1-penten-3-ol, pentanal, trans-2-pentenal and hexanal. Peak areas of duplicate samples were averaged and plotted 
as a function of storage time at 60 °C. The results obtained are presented in Tables 4-11. 

Table 4 

Acetaldehyde concentration (in µ,V.s) after 
55 

0 hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs 

Pure oil 715 3380 9837 49410 61874.5 698091 
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( continued) 

Acetaldehyde concentration (in µ,V.s) after 

0 hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs 
5 

Oil bodies 661.5 9038.5 8122 30573 44241.5 141770 

Table 5 

10 Propenal concentration (in µ,V.s) after 

0 hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs 

Pure oil 888 4500.5 5932.5 44065 78036.5 1573386 

Oil bodies 0 2121 1994 3238.5 3221 10104 
15 

Table 6 

20 
Pentane concentration (in µ,V.s) after 

0 hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs 

Pure oil 743 395.5 564 6412 4662 198360 

Oil bodies 9879.5 3824.5 5757.5 4335 3969 7940.5 

25 

Table 7 

1-Penten-3-one concentration (in µV.s) after 

30 0 hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs 

Pure oil 100.5 16 9 629 648.5 2695.5 

Oil bodies 13.5 18 112.5 365 372 816.0 

35 

Table 8 

1-Penten-3-ol concentration (in µ,V.s) after 

0 hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs 
40 

Pure oil 110 97 128.5 1858 3606.5 184499 

Oil bodies 135.5 320.5 324 1182 1140 6274 

45 
Table 9 

Pentanal concentration (in µ,V.s) after 

0 hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs 

50 Pure oil 2277 1839.5 2069.5 7627.5 9942.5 55320 

Oil bodies 250.5 4765 1920 8671 10295 33028 

55 

8 
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Table 10 

Tr-2-pentenall concentration (in µV.s) after 

0 hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs 

Pure oil 10 142 225.5 3364.5 5160.5 111503 

Oil bodies 11.5 152 140.5 1134.5 1219.5 6615 

Table 11 

Hexanal concentration (in µV.s) after 

0 hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs 

Pure oil 799 2402.5 5633 19100.5 19100.5 266354 

Oil bodies 258.5 3651.5 2080.5 2080.5 2080.5 113038 

[0055] These results show clearly that the formation of secondary oxidation products is decreased in Schizochytrium 
micro-algae oil bodies in comparison to the pure algae oil. This observation is in-line with the above mentioned results 
from the accelerated storage test. The combined results of these tests demonstrate that Schizochytrium micro-algae oil 
bodies have a better oxidative stability than the pure algae oil. The aforementioned findings are truly remarkable since 
the pure algae oil contained added anti-oxidants, whereas the oil bodies did not. 

Claims 

1. Process for the isolation of oil bodies said oil bodies having a volume weighted mean diameter within the range of 
0.1-100 µ,m and comprising a lipid matrix surrounded by a layer of phospholipids embedded with structural proteins, 
wherein the lipid matrix contains at least 80 wt.% of glycerides, said glycerides containing at least 3 %, preferably 
at least 5 % ro-3 C20-C24 polyunsaturated fatty acid residues by weight of the total amount of fatty acid residues 
contained in said glycerides, said process comprising: 

- subjecting dry micro-organisms containing such oil bodies to conditions that will cause rupture of the micro­
organism cells; 
- optionally adding water, and creating a dispersion of the ruptured cells in water; 
- allowing the oil bodies to be released from the cells into the surrounding water; and 
- separating the oil bodies from the ruptured cell biomass. 

2. Process according to claim 1, wherein the micro-organism is a marine micro-organism. 

3. Process according to claim 2 wherein the marine micro-organism is an algae strain selected from the group consisting 
of Crypthecodinium cohnii, Odontella aurita and Thraustochytriidae. 

4. Process according to any of claim 1 to 3, wherein the oil bodies are separated from the ruptured cell biomass by 
means of centrifugation. 

5. Oil bodies obtainable by a process according to claim 1 to 4. 

6. A composition comprising at least 0.1 wt.% of oil bodies, said oil bodies having a volume weighted mean diameter 
within the range of 0.1-100 µ,m and comprising a lipid matrix surrounded by a layer of phospholipids embedded with 
structural proteins, wherein the lipid matrix contains at least 80 wt.% of glycerides, said glycerides containing at 
least 3 %, preferably at least 5 % ro-3 C20-C24 polyunsaturated fatty acid residues by weight of the total amount of 
fatty acid residues contained in said glycerides wherein no biomass is attached to the oil bodies or wherein such 
biomass is attached in an amount of less than 50%, preferably of less than 30% by weight of the oil bodies. 

7. Composition according to claim 6, wherein the composition contains at least 1 wt.% of water and the oil bodies are 
dispersed within the water. 

9 
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Composition according to claim 7, wherein the water contains at least 5 mg per kg of water of a pro-oxidative metal 
cation selected from iron, copper, zinc and combinations thereof. 

Composition according to claim 8, wherein the composition contains at least 5 mg/kg of iron. 

Composition according to any one claim 6 to 9, wherein the oil bodies are derived from a marine micro-organism. 

Composition according to claim 10 wherein the marine micro-organism is selected from the group consisting of 
Crypthecodinium cohnii, Odontella aurita and Thraustochytriidae. 

Composition according to any one claim 6 to 11, wherein the composition is a food product or a beverage. 

Composition according to any one claim 6 to 12, wherein the structural protein has a hydrophilic N-terminal portion 
and/or a hydrophilic C-terminal portion; and a central stretch of at least 25, preferably at least 30 uninterrupted 
hydrophobic residues. 

Composition according to claim 13, wherein the structural protein is an oleosin or a caleosin. 

Use of the oil bodies as defined in claim 5 or the composition as defined in claim 6 in the manufacture of a composition 
for use in the treatment of prevention of disorders or impaired cognitive function. 

16. Use of the oil bodies as defined in claim 5 or the composition as defined in claim 6 in the manufacture of a composition 
for use in the reduction or prevention of atherosclerosis, cardiovascular disorders or coronary heart disease. 

25 17. Use according to claim 15 in the improvement or treatment of cognitive and mental conditions and disorders as well 
as the maintenance of normal functions of brain-related systems and processes, preferably ADHD, aging, Alzheimer's 
disease, Parkinson's disease, multiple sclerosis (MS), dyslexia, depression, learning capabilities, stress, anxiety, 
concentration and attention. 

30 18. Use according to any one of claims 15-17, wherein the use comprises oral administration of the oil bodies in an 

35 

40 

45 

50 

55 

amount that is sufficient to deliver at least 10 mg of ro-3 C20-C24 polyunsaturated fatty acid residues per administration 
event. 

10 
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frucht-Starke oder eine Mischung aus einer verflOssigten 
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Beschreibung 

(0001] Die vorliegende Erfindung betrifft eine gelatinisierte S@igkeit, ein Kaseimitat sowie ein Herstellungsverfahren 
derselben 

5 (0002] Aus dem Stand der Technik ist beispielsweise eine auf Starke basierte, gelatinisierte SOf1igkeit aus der EP 
1645196 B1 bekannt, die eine verflOssigte und stabilisierte HOlsenfrucht-Starke mit einem Gehalt an Amylase von 25 
bis 40% und ein oder mehrere SOf1ungsmittel enthalt. 
(0003] Bei der Herstellung einer solchen SOf1igkeit auf Basis von Starke kann jedoch noch die Gelierzeit verkOrzt und 
die Verarbeitbarkeit insgesarnt verbessert werden. 

10 (0004] Es ist somit eine Aufgabe der vorliegenden Erfindung, eine gelatinisierte SOf1igkeit bereitzustellen, die die 
Nachteile des Stands des Technik Oberwindet, insbesondere eine verkOrzte Gelierzeit und eine insgesarnt verbesserte 
Verarbeitbarkeit ermoglicht. Ebenfalls soil ein Herstellungsverfahren fOr diese SOf1igkeit sowie ein Kaseirnitat bereitge­
stellt werden. 
(0005] Diese Aufgabe wird erfindungsgemaf1 gelost durch eine gelatinisierte SOE,igkeit, enthaltend eine verflOssigte 

15 HOlsenfrucht-Starke oder eine Mischung aus einer verflOssigten HOlsenfrucht-Starke und zumindest einer modifizierten 
Starke anderen Ursprungs, wobei in der Mischung die verf!Ossigte HOlsenfrucht-Starke und die modifizierte Starke 
anderen Ursprungs in einem Mischungsverhaltnis von 99: 1 bis 1 :99 Gewichtsprozent (auf Basis der gesamten Mischung) 
vorliegen. 
(0006] Bevorzugt ist die HOlsenfrucht-Starke eine Erbsenstarke und/oder die modifizierte Starke anderen Ursprungs 

20 eine verflOssigte, stabilisierte und/oder vernetzte Starke. 
(0007] Auch wird vorgeschlagen, dass die Starke anderen Ursprungs Kartoffelstarke und/oder Tapiokastarke urnfasst. 
(0008] Ebenfalls kann vorgesehen sein, dass zumindest eine der Starken getrocknet und/oder vorverkleistert ist. 
(0009] Zumindest eine der Starken kann Ober SprOhtrocknung hergestellt werden. 
(0010] Ferner ist bevorzugt, dass zumindest eine der Starken dextriniert ist. 

2s (0011] VerflOssigte Starke kann acetyliert oder hydroxypropyliert sein. 
(0012] Auch isl besonders bevorzugt, dass die SOE,igkeit 0,5 bis 60 Gew.-%, bevorzugter 0,5 bis 25 Gewichtsprozent 
an Starke enthalt. 
(0013] In einer AusfOhrungsforrn ist das sor..ungsmittel ein Zucker, der ausgewahlt ist aus der Gruppe bestehend aus 
Mono-, Di- oder Trisacchariden, Oligo- und Polysacchariden, einzeln oder als Mischung. 

30 (0014] Dabei ist bevorzugt, dass das SOf1ungsrnittel ausgewahlt ist aus der Gruppe bestehend Maltit, Sorbit, Mannit, 
lditol, Erythrit, Xylit, Sorbit-, Maltit-Sirupen, hydrierten Glukose-Sirupen, starken S@ungsmitteln, einzeln oder als Mi­
schung. 

35 

(0015] Die SOE,igkeit kann ein Gummi- oder Geleeartikel, Lakritz, Dragee oder Kaubonbon sein. 
(0016] Erfindungsgemar.. isl ein Verfahren zur Herstellung einer gelatinisierten SO f1igkeit, wobei es die Schritte urnfasst: 

Herstellen einer Zusammenmischung enthaltend verflOssigte HOlsenfrucht-Starke oder eine Mischung aus einer 
verflOssigten HOlsenfrucht-Starke und zurnindest einer rnodifizierten Starke anderen Ursprungs, wobei in der Mi­
schung die verflOssigte HOlsenfrucht-Starke und die modifizierte Starke anderen Ursprungs in einem Mischungs­
verhaltnis von 99:1 1 bis 1:99 Gewichtsprozent (auf Basis der gesamten Mischung) vorliegen, rnindestens ein 

40 SOE,ungsrnittel und Wasser, 

Kochen der Zusammenmischung bei einer Temperatur zwischen 100 und 150°C, bis ein im wesentlichen einge­
trocknetes Material erhalten wird, 

45 Formen der gekochten Zusammenmischung und gegebenenfalls Aufteilen der Zusammenmischung, und 

ROckgewinnen der so erhaltenen gelatinisierten SOf1igkeit. 

(0017] Erfindungsgemaf!, istschlieE,lich ein Kaseirnitat, enthaltend verflOssigte HOlsenfrucht-Starkeodereine Mischung 
so aus einer verflOssigten HOlsenfrucht-Starke und zumindest einer modifizierten Starke anderen Ursprungs, wobei in der 

Mischung die verflOssigten HOlsenfrucht-Starke und die modifizierte Starke anderen Ursprungs in einem Mischungsver­
haltnis von 99:1 bis 1:99 Gewichtsprozent (auf Basis der gesamten Mischung) vorliegen. 
(0018] Oberraschend wurde gefunden, dass eine erfindungsgernaf1e Hi.ilsenfrucht-Starke bzw. eine entsprechende 
Mischung vorteilhaft bei der Herstellung von SOE,igkeiten bzw. Kaseimitaten eingesetzt werden kann, da die Verwendung 

55 derselben zu einer schnelleren Gelierung und einer besseren Verarbeitbarkeit insgesamt fOhrt. Besonders bevorzugt 
wird die HOlsenfrucht-Starke bzw. die Mischung zur Herstellung von Gumrni- und Geleeartikeln, Lakritz und Dragees 
oder Kaubonbons sowie zur Herstellung von Kaseimitat eingesetzt. Das Mischungsverhaltnis liegt bei 99:1 bis 1 :99 fur 
die Mischung aus verflOssigter HOlsenfrucht-Starke und modifizierter Starke anderen Ursprungs. 

2 
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(0019) Wird fur die eine verflussigte Hulsenfrucht-Starke beispielsweise Erbsenstarke eingesetzt, soil die Starke an­
deren Ursprungs dann auch eine andere Hulsenfrucht-Starke als Erbsenstarke umfassen konnen. 
(0020) Eine vorteilhafte Rezeptur zur Herstellung einer S0P..igkeit, wobei alle Prozentangaben in dieser Anmeldung 
Gewichtsprozentangaben sind, isl wie folgt: 

5-30% verflussigte Erbsenstarke 

5-30% verflussigte und/oder stabilisierte Starke anderen Ursprungs 

10 10-40% Glukosesirup (42 DE) 

10-40% Zucker 

15 

20 

25 

10-20% Wasser. 

(0021) Im Rah mender vorliegenden Erfindung ist eine verf!0ssigte Hulsenfrucht-Starke eine verflussigte, jedoch nicht 
stabilisierte Starke. 
(0022) Eine konkretere Rezeptur zur Herstellung einer erfindungsgemaP..en Suf1igkeit ist wie folgt: 

Verflussigte Erbsenstarke 20% 

Zucker 30% 

Glukosesirup (42 DE) 30% 

Wasser 

Zitronensaure (50%) 

Aroma 

20% 

12 ml/kg 

nach Bedarf 

(0023) Die erfindungsgemaf1e S0P..igkeit wird hergestellt, indem die einzusetzenden Komponenten zunachst bei einer 
Temperaturvon etwa 60°C miteinandervermischtwerden. Die daraus erhaltene Zusammenmischung wird anschlieP..end 

30 bei einer Temperatur von etwa 135°C bei einem Druck von 2,5 bar gekocht. Daraufhin kann sie in vorbereitete Formen 
bei einer Temperatur von etwa 80°C gegossen werden. Hier betragt die Konzentration der Losung etwa 70-7 4 ° Bx. Nach 
dem Abfullen kann die Zusammenmischung bei 20-70°C fur eine Dauer von etwa 20-30 Stunden trocknen. Nach dem 
Trocknen konnen die S0P..igkeiten aus der Form entnommen und abgepackt werden. 
(0024) Figur 1 zeigt Texturmessungen unterschiedlicher verfl0ssigter Starken mit einem Texture Analyzer, wobei die 

35 mit "A" bezeichnete Kurve die Texturmessung fur eine erfindungsgemaP..e eingesetzte Starke zeigt, Kurve "B" die Mes­
sung fur eine verflussigte Weizenstarke und Kurve "C" die Messung fur eine modifizierte Kartoffelstarke. 
(0025) Die Testbedingungen waren wie folgt: Vorgeschwindigkeit: 1,5 mm/sek; Testgeschwindigkeit: 1,0 mm/sek; 
Ruckgeschwindigkeit: 1,0 mm/sek; Kraft: 100,0 g; Weg: 10,0 mm; Verformung/Strain: 10,0%; Auslosewert: Auto (Kraft); 
Auslosekraft: 5,0 g; Werkzeug: P/2N-Nadel; Messungen pro Sekunde: 200. 

40 (0026) Zur Messung wurden die Starkeprodukte in einer 15-¾igen Konzentration in Wasser vermischt und aufgekocht 
bis 95°C, bei 95°C fur 1 0 Minuten gehalten und anschlief1end auf 25°C abgekuhlt. Die Losung wurde dann bei Raum­
temperatur (etwa 22°C) fur zwei Stunden stehengelassen und die Textur dann mit einem Texture Analyzer gemessen. 
Die Starkelosung gelierte wahrend der Standzeit bei Raumtemperatur. 
(0027) Figur 1 zeigt die Ergebnisse der Texturmessung. Fur die erfindungsgemaP..e S0P.,igkeit wird eine schnellere 

45 Gelierung festgestellt, da hier der gror..te Kraftaufwand fur die Texturmessung erforderlich ist. 

50 

55 

(0028) Ein erfindungsgemar..es Kaseimitat kann mil den folgenden Bestandteilen hergestellt werden: 

Verflussigte und stabilisierte Kartoffelstarke 2,2% 

Verf!0ssigte Erbsenstarke 

Salz 

Wasser 

Zitronensaure 

Farbstoff 

Pflanzliches Fett 

Kase-Aroma 

3 

14.9% 

1,3% 

59,7% 

0,2% 

0,1% 

21,6% 

nach Bedarf 
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(0029) Zunachst wird das Fett in einem Stephan-Mixer erhitzt, bis es geschmolzen ist. Die Trockenstoffe werden mit 
Wasser vermischt und dann zum Fett zugegeben. Langsam wird bis auf eine Temperatur von oberhalb von 80°C erhitzt 
und bei dieser Temperatur fur 5 Minuten gehalten. Anschliel1end kann die Masse abgefullt und dann abgekOhlt werden. 
(0030) Die in der vorstehenden Beschreibung und in den AnsprOchen offenbarten Merkmale der Erfindung konnen 

5 sowohl einzeln als auch in jeder beliebigen Kombination fur die Verwirklichung der Erfindung in ihren verschiedenen 
Ausfuhrungsformen wesentlich sein. 

10 

15 

20 

25 

30 

35 

Patentanspriiche 

1. Gelatinisierte SOl1igkeit, enthaltend eine verflOssigte HOlsenfrucht-Starke oder eine Mischung aus einerverflOssigten 
HOlsenfrucht-Starke und zumindest einer modifizierten Starke anderen Ursprungs, wobei in der Mischung die ver­
flOssigte HOlsenfrucht-Starke und die modifizierte Starke anderen Ursprungs in einem Mischungsverhaltnis von 99: 
1 bis 1 :99 Gewichtsprozent (auf Basis der gesamten Mischung) vorliegen. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

SOl1igkeit nach Anspruch 1, wobei die HOlsenfrucht-Starke eine Erbsenstarke ist und/oder die modifizierte Starke 
anderen Ursprungs eine verf!Ossigte, stabilisierte und/oder vernetzte Starke ist. 

SOl1igkeit nach Anspruch 1 oder 2, wobei die Starke anderen Ursprungs Kartoffelstarke und/oder Tapiokastarke 
umfasst. 

SOl1igkeit nach einem der vorangehenden AnsprOche, wobei zumindest eine der Starken getrocknet und/oder vor­
verkleistert ist. 

SOl1igkeit nach einem der vorangehenden AnsprOche, wobei zumindest eine der Starken dextriniert ist. 

SOl1igkeit nach einem der vorangehenden AnsprOche, wobei verflOssigte Starke acetyliert oder hydroxypropyliert ist. 

SOl1igkeit nach einem der vorangehenden AnsprOche, wobei sie 0,5 bis 60 Gew.-%, bevorzugt 0,5 bis 25 Gewichts­
prozent an Starke enthalt. 

SOl1igkeit nach einem der vorangehenden AnsprOche, wobei das SOl1ungsmittel ein Zucker ist, der ausgewahlt ist 
aus der Gruppe bestehend aus Mono-, Di- oder Trisacchariden, Oligo- und Polysacchariden, einzeln oder als Mi­
schung. 

SOl1igkeit nach einem der vorangehenden AnsprOche, wobei das SOl1ungsmittel ausgewahlt ist aus der Gruppe 
bestehend Maltit, Sorbit, Mannit, lditol, Erythrit, Xylit, Sorbit-, Maltit-Sirupen, hydrierten Glukose-Sirupen, einzeln 
oder als Mischung. 

40 10. SOl1igkeit nach einem der vorangehenden AnsprOche, wobei die SOl1igkeit ein Gummi- oder Geleeartikel, Lakritz, 
Dragee oder Kaubonbon ist. 

45 

50 

11. Verfahren zur Herstellung einer gelatinisierten SOl1igkeit, wobei es die Schritte umfasst: 

- Herstellen einer Zusammenmischung enthaltend verflOssigte HOlsenfrucht-Starke oder eine Mischung aus 
einer verflOssigten HOlsenfrucht-Starke und zumindest einer modifizierten Starke anderen Ursprungs, wobei in 
der Mischung die verflOssigte HOlsenfrucht-Starke und die modifizierte Starke anderen Ursprungs in einem 
Mischungsverhaltnis von 99:1 bis 1 :99 Gewichtsprozent (auf Basis der gesamten Mischung) vorliegen, minde­
stens ein SOl1ungsmittel und Wasser, 
- Kochen der Zusammenmischung bei einer Temperatur zwischen 100 und 150°C, bis ein im wesentlichen 
eingetrocknetes Material erhalten wird, 
- Formen der gekochten Zusammenmischung und gegebenenfalls Aufteilen der Zusammenmischung, und 
- ROckgewinnen der so erhaltenen gelatinisierten SOl1igkeit. 

55 12. Kaseimitat, enthaltend verf!Ossigte HOlsenfrucht-Starke oder eine Mischung aus einer verf!Ossigten HOlsenfrucht-
Starke und zumindest einer modifizierten Starke anderen Ursprungs, wobei in der Mischung die verflOssigte HOl­
senfrucht-Starke und die modifizierte Starke anderen Ursprungs in einem Mischungsverhaltnis von 99:1 bis 1 :99 
Gewichtsprozent (auf Basis der gesamten Mischung) vorliegen. 

4 
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SPECIFICATION 

Process for preparing cheese analogs 

5 BACKGROUND OF THE INVENTION 
Dairy-like, in particular cheese-like, analogs 

from vegetable proteins have been described 

in U.S. Patents Nos. 4,016,295; 3,891,778; 

3,857,977; 3,857,970; 3,809,771; 

10 3,743,516; 3,743,514; and 2,479,040. The 

extraction of protein from oilseed materials 

has been discussed in Food Technology 18, 

(1963); N.Y. Agri. Expt. Sta. Form Res. 

28, 4 (1962) and disclosed in U.S. Patents 

15 Nos. 3,968,097; 2,534,227; 2,534,226 

and 2,272,562. The effect of pH on the 

flavor of plant protein extracts has been dis­

closed in the J. of Food Science 35, 343 

(1970). These references describe various 

20 processes and mixtures of vegetable proteins, 

binders, gums, flavors and colors which have 

been employed to simulate dairy-like materi­

als. Although the prior art methods result in 

products having some cheese-like properties, 

25 they have generally lacked the desired textu­

ral, fatty mouthfeel characteristics of natural 

cheese. As a result, these products have not 

been widely accepted by the consumer as true 

substitutes for natural cheese. 

30 
SUMMARY OF THE INVENTION 

In accordance with the present invention, a 

process is provided for preparing improved 

cheese-like analogs having improved textural 

35 and mouthfeel characteristics. The process 

comprises the steps of forming an aqueous 

slurry of a full-fat oleaginous seed material at 

a pH below about 3.5, subjecting the aqueous 

slurry to shear conditions sufficient to disrupt 

40 the natural cellular structure of the seed ma­

terial, adjusting the pH of the slurry to the 

oleaginous seed protein's isoelectric point to 

precipitate the protein, separating the entire 

insoluble portion from the slurry, homogeniz-

45 ing the insoluble portion, adjusting the pH of 

the homogenized insoluble portion to about 

pH 5.3 to 7.0, and blending sufficient 

flavors therewith to produce a cheese-like 

flavor. 
50 

DESCRIPTION OF THE INVENTION 
The full-fat oleaginous seed materials used 

in the practice of the present invention include 

legumes, rapeseed, safflower, sunflower and 

55 the like. Legumes such as beans, lentils, pea­

nut, soybeans and the like are preferred. The 

most preferred leguminous seed is soybean. 

An aqueous slurry of the full-fat leaginous 

seed material is formed having a pH below 

60 about 3.5. In this pH range, the protein, 

carbohydrates, flavors and colors from the 

oleaginous seed material are soluble. The pH 

is preferably maintained at a value below 

about 2.2 to produce a fland flavored pro-

65 duct. Most preferably, the pH is adjusted to a 

GB2016255A 

value between about 1.5 and 2.2. It has been 

found that a pH much above 3.5 results in 

the extraction or solubilization of little protein. 

This acid range is maintained by the addition 

70 of any suitable acidic means, such as hydro­

chloric acid, phosphoric acid, sulfuric acid and 

the like. Preferably the aqueous slurry con­

tains about 5 to 20 percent oleagenous seed 

material by weight based upon the total 

75 weight of the slurry. 
Preferably the aqueous slurry is formed 

using comminuted, full-fat oleaginous seed 

material prepared by washing and subdividing 

the whole full-fat seed material to a fine 

80 particle size. Well known means such as 

grinding, flaking, pulverizing and the like may 

be employed to comminute the seed material. 

To avoid the production of off-flavors or odor 

and to avoid subsequent fat separation, the 

85 temperature generated during comminutation 

should be kept below about 28°C. 

The aqueous slurry is then subjected to 

shear conditions for a period of time sufficient 

to disrupt the cellular structure of the oleage-

90 nous seed material, to reduce the particle size 

of the oleagenous seed material and to form 

an uniform, nonparticulate slurry. Suitable 

means for shearing the slurry include the use 

of any high speed dispersing, mixing, grind-

95 ing or homogenizing device. Usually 5 to 10 

minutes of shearing is sufficient to disrupt the 

natural cellular structure. Some particularly 

troublesome slurries may require longer shear­

ing times up to about 60 minutes. 

100 The pH of the sheared aqueous slurry is 

then adjusted to the isolectric pH point of the 

oleagenous protein to precipitate the protein. 

The isoelectric point, especially for the legumi­

nous seed protein, is between pH 4.4 and 

105 4.8. Suitable basic means, such as sodium 

hydroxide, potassium hydroxide, trisodium 

phosphate and the like, may be employed to 

adjust the pH of the slurry to the desired 

isolectric point. The insoluble portion of the 

11 0 slurry contains natural fats, fibers, carbohy­

drates and the like in addition to precipitated 

protein. In some instances it is desirable to 

lower the natural fiber and carbohydrate con­

tent of the insoluble portion of the aqueous 

115 sheared slurry. This can be accomplished by 

first clarifying the sheared slurry prior to the 

isoelectric pH adjustment. Suitable means for 

clarifying the sheared slurry include centrifu­

gation, filtration, decantation and the like. 

120 The resulting insoluble portion of the pH 

adjusted slurry is then separated from the 

soluble portion containing soluble carbohy­

drates, colors and flavors. Suitable separation 

means include centrifugation, filtration, decan-

125 tation and the like. It has been found that the 

texture of the cheese-like end products is 

influenced by the moisture content of the 

separated solids. For example, about 45 to 60 

percent moisture by weight in the solids re-

130 suits in a product having a hard, dry, sliceable 
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texture, whereas about 60 to 7 5 percent 
moisture by weight in the solids results in 
product having a semi-soft to soft creamy 
texture. The moisture content of the insoluble 

5 portion can be easily controlled by the remov­
al of moisture by the separation means or by 
the addition of water thereto. 

The separated insoluble portion of the slurry 
is then homogenized to form a uniform, 

10 smooth nonparticulate proteinaceous mixture. 
Suitable homogenizing means include high 
speed mixing, grinding, homogenizing device 
and the like. 

The pH of the homogenized slurry is then 
15 adjusted to about 5. 3 to 7. 0. The pH is 

selected to duplicate the pH of natural cheese 
in the corresponding cheese-like product to be 
produced. For example, a cheese-like spread 
or cream cheese may desirably have a pH of 

20 about 5.5 to 6.0 while a semi-soft or hard 
cheese-like may desirably have a pH of about 
5.3 to 6.5. Any suitable basic means as 
described above may be employed to adjust 
the pH. 

25 Sufficient flavors may be blended with the 
homogenized slurry to impart a desired 
cheese-like flavor. Suitable flavoring means 
include natural flavors, artificial flavors, reac­
tion products, seasoning and the like which 

30 combine to provide a "cheese flavor". The 
selection of such flavors is well-known to 
those skilled in the food and flavor art. The 
amount of flavor added will depend upon the 
type of flavor and the flavoring means but 

35 usually will range between about 0. t to 30 
percent by weight based on the dry weight of 
the homogenized solids. 

The homogenized flavored solids may then 
be shaped to a desired form. Suitable shaping 

40 means include the use of plastic or metal 
moulds, animal or artificial casings and the 
like as are well-known for this purpose. To 
avoid subsequent swelling or foaming, it is 
desirable to remove air which has been incor-

45 porated during processing. Deaeration is sim­
ply accomplished by any suitable vacuum 
means. 

In a preferred mode of this process, fat is 
blended with the homogenized solids to simu-

50 late fat-containing natural cheese products, 
such as cheese spreads, hard cheese and the 
like. Such fats or oils include saturated or 
unsaturated fats from animal or plant sources 
which are either in liquid or solid form at 

55 about 20°C. Preferably the fats are the unsat­
urated types from plant sources. The most 
preferred fats include soybean oil, corn oil, 
safflowerseed oil, peanut oil and the like. 
About 10 to 30 percent fat by weight based 

60 on the dry weight of the homogenised solids 
is blended with the solids. Preferably about 
20 to 25 percent fat by weight based on the 
dry weight of the solids is blended therewith. 
To insure uniform blending of the fats with 

65 the homogenised solids, it is preferable to 
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maintain the temperature during blending at 
about 60°C. 

In order to prepare cheese-like products 
having semi-soft to hard cheese-like textures, 

2 

70 the shaped mixture is heated for a sufficient 
period of time to set the protein in a stable, 
firm physical form. The temperature and heat­
ing period selected have a direct influence on 
the firmness and the moisture content (dry-

75 ness) of the finished product. Preferably the 
shaped mixture is heated to an internal tem­
perature of about 70°C to 100°C. The use of 
temperatures from about 82°C to 95°C for 
about 30 to 60 minutes result in hard tex-

80 tured products. Lower temperatures of from 
about 70° to 80°C for similar heating periods 
result in a softer textured product. A suitable 
temperature and heating period thus can be 
selected to produce a product having the 

85 desired texture and moisture content. 
Other ingredients may be added to the 

homogenized solids to improve the color. melt­
ability, mouthfeel, taste or texture of the 
cheese-like product. Such ingredients include 

90 vegetable gums, artificial and natural color­
ants, casein, albumin, preservatives, salts, 
starch and the like which are well-known for 
these purposes. 

The following examples further illustrate the 
95 present invention and are not intended to limit 

the breadth described above. 

EXAMPLE 1 
This example illustrates the preparation 

100 from soybeans of a cheese analog with a hard 
cheese-like texture. 

Whole, full-fat soybeans (22. 7 kilograms) 
were ground in a Fitz mill to pass through a 
0.125 inch screen opening and then added to 

105 an aqueous mixture at pH 1. 7 containing 
272. 7 kilograms water, 7 .2 kilograms phos­
phoric acid (85%, food grade), 114 grams 
sodium sulfite and 28 grams of an antifoam­
ing agent (this mixture contains about 7 .6 

11 0 weight percent soybeans based on the total 
weight of the slurry), After mixing, the pH of 
the slurry rose to pH 2.2. The aqueous slurry 
was then passed through an in-line shearing 
device (Tekmar Dispenser type OR-3-616, 

115 Tekmar Co. Cincinnati, Ohio) having three 
(coarse, medium and fine) grinding heads and 
into a holding tank. The pH of the sheared 
slurry was then adjusted to pH 4.6 by the 
addition of 10 weight percent aqueous so-

120 dium hydroxide to precipitate the protein. The 
insoluble portion containing precipitated pro­
tein and other insoluble constituents was then 
separated from the soluble portion of the 
slurry by centrifugation. The separated solids 

125 contained about 83 weight percent water. The 
separated solids were then passed through an 
homogenizer (Manton Gaulin type 1 5M8TRA) 
to produce a smooth textured uniform mix­
ture. The pH of the homogenized mixture was 

130 adjusted to pH 5.8 by the addition of 10 

l 
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weight percent sodium hydroxide. 
Four hundred grams of the resulting mix­

ture were heated to about 71 'C and blended 
with 95 ml water, 80 grams melted Crisco 

5 (hydrogenated soybean oil, 75'C), 2.5 grams 
of hydrated calcium carageenan in 60 ml 
water and 92 grams of cheese flavors. The 
mixture was blended for 30 minutes to a 
uniform smooth consistency. The mixture was 

1 O then deaerated in vacuo, moulded and heated 
in a steam bath for 45 minutes (the internal 
temperature reached 90'C during the last 10 
minutes of heating) to form a stable shaped 
form. After cooling, the shaped product was 

15 removed from the mould. The resulting 
cheese analog had the texture, mouthfeel and 
flavor of a hard cheese similar to cheddar 
cheese. 

20 EXAMPLE 2 
This example illustrates the preparation 

from peanuts of a cheese analog having a 
semi-hard cheese-like texture. 

Raw, whole, blanched, full-fat peanuts (500 

25 grams) were added to 3000 ml of water 
which had been previously adjusted to pH 1.6 
by the addition of 54 ml of phosphoric acid 
(85%, food grade). This mixture contained 
about 14. 3 weight percent peanuts based on 

30 the total weight of the slurry. The aqueous 
mixture was then subjected to shear condi­
tions using a submerged grinder (Tekmar type 
SD-45) for 10 minutes to comminute the 
peanuts and form a uniform non-particulate 

35 slurry. After grinding, the pH of the slurry was 
2. 1. The pH of the sheared slurry was then 
adjusted to pH 4.6 by the addition of 10% 
aqueous sodium hydroxide to precipitate the 
protein and other insoluble constituents. The 

40 insoluble portion was filtered from the slurry 
and collected onto layers of cheese cloth with­
out squeezing. Two hundred ml of water were 
added to the separated mixture to adjust the 
solids content to about 28 weight percent. 

45 The resulting solids were passed through a 
hand homogenizer to produce a uniform, 
smooth-textured mixture. The pH of the homo­
genized mixture was adjusted to pH 5.8 by 
the addition of 10 weight percent aqueous 

50 sodium hydroxide. The moist solids were then 
heated to 50'C and 35 grams of melted 
Crisco were added with constant stirring. 
After about 5 minutes, 1.0 gram of hydrated 
calcium carageenan was added and fol-

55 lowed by the addition of 30 grams of cheese 
flavor. After the ingredients were uniformly 
blended, the mixture was placed in a metal 
mould and heated in a steam bath for 45 
minutes. The internal temperature of the mix-

60 ture reached about 90'C during heating. The 
mixture was cooled and the shaped product 
removed from the mould. The resulting 
cheese analog had the texture, mouthfeel and 
flavor of a semi-hard cheese similar to Colby 

65 cheese. 
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EXAMPLE 3 
This example illustrates the preparation 

from soybeans of cheese analogs having tex­
tures similar to various types of cheese. 

70 Whole, full-fat soybeans (22. 7 kilograms) 
were added to an aqueous mixture at about 
pH 1. 65 containing 272. 7 kilograms water, 
6.36 kg of phosphoric acid (38%, food grade) 
and 114 grams of sodium sulfite (this mixture 

75 contains about 7 .6 weight percent soybeans 
based on the total weight of the mixture}. The 
entire mixture was then passed through an in­
line shearing device (Tekmar Disperser type 
DR-3-616) to reduce the size of the soybeans 

80 to a fine particle size. The insoluble portion of 
the sheared mixture containing insoluble cellu­
lar material (fiber, carbohydrates) was separ­
ated by centrifugation from the soluble por­
tion containing protein, fats and other soluble 

85 constituents. The pH of the soluble portion 
was adjusted to pH 4.6 by the addition of 
aqueous sodium hydroxide {50%, 757 ml} to 
precipitate protein and other constituents in­
soluble at this pH. The precipitated insoluble 

90 solids were removed from the mixture by 
centrifugation and washed in the centrifuge 
with 272.7 kg of water. The separated solids, 
about 22 kilograms, had a moisture content 

of about 68 weight percent. The solids were 
95 analyzed and found to contain the following 

on a weight percent basis: 

Protein 5 7. 8 
Fat 34.6 

100 Carbohydrates (by difference) 7 .6 

A. Preparation of a cheese analog similar to 

cream cheese 
Four hundred grams of the separated solids 

105 prepared above were vigorously agitated in a 
laboratory blender to a smooth uniform con­
sistency. The pH of the agitated solids was 
adjusted to pH 6.0 by the addition of 10 
weight percent aqueous sodium hydroxide. 

11 0 The mixture was then moulded and refriger­
ated to serving temperature. The product was 
creamy, smooth and bland in taste similar in 
texture to cream cheese. 

11 5 B. Preparation of a cheese analog similar to 
flavored cream cheese spread 

Four hundred grams of the separated solids 
prepared above were vigorously agitated in a 
laboratory blender to a smooth uniform con-

120 sistency. The pH of the agitated solids v.•as 
adjusted to pH 5.5 using 10 weight percent 
aqueous sodium hydroxide. Eighty grams of 
artificial cheese flavors was uniformly blended 
with the mixture. The product was moulded 

125 and refrigerated to serving temperature. The 
cheese analog was creamy smooth with a 
good cheese flavor similar to flavored cream 
cheese spreads. 
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C. Preparation of a cheese analog similar to 
processed cheese spread 

Four hundred grams of the separated solids 
prepared above were vigorously agitated in a 

5 laboratory blender to a smooth uniform con­
sistency. The pH of the agitated solids was 
adjusted to pH 6.1 by the addition of 20 
weight percent aqueous trisodium phosphate. 
The mixture was heated to about 60'C. Eighty 

10 grams of melted Crisco fot and 1 gram of 
Keltrol F (xanthan gum} were blended with the 
mixture. Then 80 grams of natural and artifi­
cial cheese flavors and about 180 ml of water 
were blended with the mixture. The mixture 

15 was heated to 60'C and mixed for 16 min­
utes. The product was moulded and refriger­
ated to serving temperature. The cheese ana­
log had the texture similar to processed 
cheese spreads. 

20 
D. Preparation of a cheese analog similar to 
commercial soft cheese. 

One thousand grams of the separated solids 
prepared above were vigorously agitated in a 

25 laboratory blender to a smooth uniform con­
sistency. The pH of the agitated mixture was 
adjusted to pH 5.3 by the addition of 20 
weight percent trisodium phosphate. To the 
mixture there was then added 12 grams of 

30 sodium chloride and 94.8 grams of artificial 
and natural cheese flavors. The mixture was 
blended for about 30 minutes. The product 
was deaerated in vacuo, moulded and heated 
in a steam bath for 45 minutes. The internal 

35 temperature of the analog reached about 
90°C during heating. The product was refri­
gerated to serving temperature. The cheese 
analog had a medium firm texture which did 
not cut clean with a knife and was similar to a 

40 commercial soft cheese. 

CLAIMS 
1. A process for preparing cheese-like an­

alogs, which comprises 
45 (a) forming an aqueous slurry containing a 

full-fat oleaginous seed material having a pH 
below about 3.5; 

(b) subjecting the aqueous slurry to shear 
conditions sufficient to disrupt the natural 

50 cellular structure and reduce the particle size 
of the oleaginous seed material; 

(c} adjusting the pH of the resulting 
sheared aqueous slurry to the oleaginous seed 
protein's isoelectric point to precipitate the 

55 protein; 
(d) separating the entire insoluble portion 

of the slurry from the soluble portion; 
(e) homogenizing the insoluble portion of 

the slurry to a uniform nonparticulate consis-
60 tency; 

(f) adjusting the pH of the homogenized 
slurry to about pH 5.3 to 7 .0; and 

(g) blending sufficient flavouring agents 
with the homogenized slurry to produce a 

65 cheese-like flavour. 
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2. A process according to Claim 1 wherein 
the aqueous slurry contains 5 to 20 percent 
oleaginous seed material by weight based 
upon the total weight of the slurry. 

70 3. A process according to Claim 1 or 2 
wherein the oleaginous seed material is le­
guminous seed. 

4. A process according to Claim 3 wherein 
the leguminous seed is soybean. 

75 5. A process according to any preceding 
claim, wherein the full-fat oleaginous seed 
material in the slurry is comminuted. 

6. A process according to any preceding 
claim wherein 0.1 to 30 percent of flavouring 

80 agents, by weight based on the dry weight of 
homogenized solids, are blended with the 
homogenized solids. 

7. A process according to any claim pre­
ceding wherein fat is blended with the homo-

85 genized slurry. 
8. A process according to Claim 7 wherein 

1 0 to 30 percent fat, by weight based on the 
dry weight of homogenized solids, is blended 
with the homogenized slurry. 

90 9. A process according to claim 7 or 8 
wherein the fat-containing blend is heated to 
about 60°C. 

10. A process according to any preceding 
claim further comprising shaping the homo-

95 genized flavoured solids to a desired form. 
11. A process according to Claim 10 

wherein the shaped solids are heated to set 
the protein in a stable physical form. 

12. A process according to Claim 10, 
1 00 wherein fat is blended with the homogenized 

slurry, the fat-containing blend is heated to 
about 60°C and the shaped solids are heated 
to an internal temperature of about 70'C to 
1 oo·c. 

105 13. A process according to Claim 12 
wherein the shaped solids are heated to an 
internal temperature of about 70'C to 80'C 
for a sufficient period of time to form a semi­
soft cheese-like analog. 

110 14. A process according to Claim 12 
wherein the shaped solids are heated to an 
internal temperature of about 82° to 95'C for 
a sufficient period of time to form a hard 
cheese-like analog. 

115 15. A process according to any preceding 
claim, wherein the sheared aqueous slurry is 
clarified before its pH is adjusted to the iso­
electric point of the protein. 

16. A process according to Claim 1, sub-
120 stantially as described in Example 1, 2, 3A, 

38, 3C, or 3D. 
1 7. A synthetic cheese-like foodstuff pro­

duced by a process claimed in any preceding 
claim. 

125 18. A cream cheese analog produced by a 
process claimed in Claim 1 . 

19. A cheese spread analog produced by 
a process claimed in Claim 9. 

20. A semi-soft cheese analog produced 
130 by a process claimed in Claim 13. 

1 
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21 . A hard cheese analog produced by a 
process claimed in Claim 14. 

Printed for Her Majesty's Stationery Office 
by Burgess Et Son (Abingdon) Ltd.-1979. 
Published at The Patent Office, 25 Southampton Buildings, 
London, WC2A 1AY. from which copies may be obtained. 
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W09&'.53698 

::nu~: USES OF OIL BODIES 

FIELD OF 'I'HE HfVENTfON 

PCT/C A98/0{}523 

Th{, p, .. ,t,i~Iit invenfam p:wvid,;_,s novd en.,ulsiom ,-vhkh compric«,i <ii bodk:;., 

The itn.l!2':11!:k•n ,.iho provides a uwthod for preparing Hw !2':1n1.i1siims and the u5e of th"" 
5 <i,1:rrufakiru, in var-kit.ts dmxwstk and mdustri;,1.l ,'.omoositions. 

·' 
lh\.CKGROUND_OF TUE INVENTION 

Errn.ilsi.ons ;~re :mixtures 1.vhkh an., pn~pari:.'d from two n.1.utuaUy in.s;;)luhh~ 

C!:n,rp<Jnents. H :is p<issibk to g:eners)Je mi>:ti.trt'S of fo:mwg~rv;:;tis niauc;srnpic ,.ippt,,n·ano~ from. 
these ('.ompmwnts through pmper s,dixtfon ;,md rn,mipuhtion of rni>Jng conditk,ns, The most 

C'.ommon type ,;:,f m:n.t~lsi;:ms are those in ,,,:hich an a,1ueous compo:twnt a:nd a 1ipophiJk: 
c<:n:nponenl: ,~re employed and v,,.hich in the mt are fr!2':qo.H1Hy rd'erred tG as nil":i:n--water and 
w,~Jer--in--oi! e:rrrnl-;:i,)ns. In oil-·in··•Vatl:'r (miubons tb,,.-, lipophilk phas(~ is di:~p{irstA in the 

aq-u(:ous phase., ,-vhH1:~ ill vvater-in~oil ernulsions tfw ,l.qu('GUS p_h,tse :b dispE,tsEid in th;~ 
hpnph.ih, pha5e Connncin1y krwwn domEcstk exa1ttples of f'.tw .. ,1si.on--b,is~,<l fon:nulat:kins. 

industries, v,,frere lt is dkn desin1bie to frinx1\J.ht1! adive ingredier1ts in <;:1m:ilskms. 

Gerwrally emulsions arl' pre_pared in tht'. prese:nc,, of a nw:hip.lidty of other 

subtanC!::1< in order to a<::himn~ ,l. <ksit:.:1ble babrK(' of ei:mibi.firnLion, vii.»:(isity,. stability a.nd 

kin~g<iing e>:t:rnplifies only a fow r}r the rnyri;:i:d of rompnnents whi.ch are induded in 

formuiatio:ns of l:'.,m.iisi.o:ns k:nown i:n tlw art. A comprehensiv,"' ov""n,[:.;:;\•V of E,n1ulsi:fying 
35, agenh; and thdt appHcMioni, may be found in l:kcb·r, P. Encychpi:~di.a of Emulsion 
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PCT/C A98f00523 

discr,;:t~! :ni"b<::dh.ihr st.n.Kb.lH.$ \iariow~ly kn-:rwn in. thii ,trt ,b oil bodks, ol~osoriws, lipid 

bod.ks t!J: sphern5omt>s (Huang 1992, Ann. Rev, Pl,~:nt .Mol. Bii)L 43: 177~200}. Beskks. a 

n:i.i:;,:.ture ,lf oils (tr.ia<::ylglycerides}, ,.-,.,foch ,"..hemkally am d~f:i.ru~d as glyci~roJ esters of foUy 

adds, ,:;H bodks comprl,<;i> phnsphohp1ds and ,:1 nmub,tt o.f associated proteins .. coHectivdy 

5 termi~d oil body pnltdns. firnm a strndut,,l point c;f vie,v., on bi>-.1i~s are cnnsi<k.red to hi>.~ 

lS 

proteins are i~mbedd,;,d (Huang .. 1992, .AnA Rev. Plant !viol Biol. 4:3: 177-200). Th~ si2ii~d ni.l 

pr•esi:int ln the oi1 h,dy fradi,)fl. of p1a:n.t species is a mixl:are nf vanous trim:ylgJycerides, of 

·which the exad con:q:Kl5idon <kpen,h on !:.ht, pb:nt spedes from whkh the oil is derived. H 

kdmiqtu~s .. to mcmipu1a1€ t:h<::i ,)il. profik of seeds and s;,xpand on the nah:u:aHy available 

n!pertoi:re of pfanl: oil comp('ISibons.. For m:i ov~rvk\·V ,::if the ong,,ing efforts i.n his ,i.re,i., ~,e0 

f)1;it,igx1,a Oil Crops/Br€-€ding, hocessir,g. a!ld Bh)h,ichnokigy, D. J. M:urphy fat, 1994, VCH 

organic ext.rw:-hon, d{:gumn,ing:, rw,1l:taliz<1tion .. bfoachh:1g and hltenng. Aque1.,us extrnctkn1. 

nf phmt t.,H sHid::; has abo b(:{'I) doo.1m1~nted (for ,:-xam_pk_. Etnbong and Jden, 1977 .. Cm, lnsL 

20 Food Sd .. ]\idrnoL J. 10: 239 y 2,B}, Sim:i~ the objedlve d the pn:ic,~:i<ses taught by th{: pric•r 

art is to obtai:n pu.rn oH, (lit hndks i.n Hw tO\H'S<c: ()t thes.e production proces::;~s k.>s~1 tJ1dr 

strndrn:a.l int,~g:rity. Thus .. the prio:r ait {,rtmlsion.s fci:n:rrubh>d from phnJ oils do not 

g,merv-Uy comprise in.tact dl bodiet, .. 

Alth,>ngh then~ are n1any app:lkations v,'hm:0 n.,inera1 oil basi:id pti::iducL~ 

25 don)inak thi;:- market in other appl:k,:i:t:ions., oils der:h.n?d fre:m p.la.nt sotm:i~s ,md fossil 

manu.fai:turi;' of dekrg(:nts, atf.: obt,~ined from mhwt,l.l oH as ·wdl as from c,K<imit. oil and 

more n.icr,ntly frmn g;tmt,U.caHy imgineetNi rapes1;ied (Krnluf.. V. C., 1994, Fat. Sd. 1t~c.hn, %: 

4GB). HmNeve:r,. there is currently an intt{!asing demand for biodegrnd,1bh~ sourt<c!s of rn,w 

30 tnateriab. The plant oil tmdy b,,sed i~mul:sions of flw present invention offer ,m advantagE: 

over s.im.ibr n1inernl oil based forn,uli~tkrns, in that th~ c,il frndion is derived f:ro:m a 

n•newabk and envi.ron:m.enta.rly frkndly sm.,t<::e. 

United Sht{is paten.ts 5,6S3,7:W and. S . ..613/i83 disclnse emnlsfon:s cm,.npdsing 

lipid veskks from oleaginous p!anJ;;;. T.h{: f.,n.1tllsii)t,s cfo,doM'd i:n. ffacse p;ltenls are 

35 i:srepa:r{2_:t't. fron.1 relatively· crt~d~: seed t':.xtracts and ('.O:tnpri~e :nl1tn0rou$t seed corn11rrnents 
ir1~:tudh1g gly·cosylated and non--g.lycosyla!.(~d r~:roteb\s. rt is ~ d:i.sadvaritag(~ of th.t~ en:rulsif)ns 
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odour, flavour, colour and organolepiic characteristics., to the emulsions, Due to the 

presence of seed contaminants, the preparations of lipid vesicles dtsdosed in these patents 

have limited applications. 

SUMMARY OF THE INV.:~NTION 

The prese.nt invention relates to novel emulsion formulations which contain 

oil bodies. The emulsion formulations of the subject invention are obtainable in non-toxic 

and food grade forms. ln addition, the emulsion formulations are advantageously prepared 

from an oil body preparation which is creamy in texture and thus may be readily applied in 

a variety of domestic and industrial applications. TI1e present inventors have found that 

10 the oil body fraction of living cells is useful in the formulation of a variety of novel 

emulsion-based food., cosmetic, pharmaceutical and industrial products. Broadly stated, 

!he present invention provides an emulsion formulation comprising washed oil bodies 

derived from a cell. 

The invention also provides methods for preparing the emulsion 

15 formulations and the use of the emulsion formulations in various domestic and industrial 

compositions. 

Accordingly, the present invention provides a method for preparing 

emulsion formulations comprising: 1) obtaining oil bodies from a cell; 2) washing the oil 

bodies; and 3) formulating the washed oil bodies into an emulsion. 

20 In a preferred embodiment of the invention, the \<'lashed oil body preparation is obtained 

25 

30 

from plant seeds., including seeds obtainable from rapeseed .. soybean, maize and sunflower. 

Accordingly, the invention provides a method for preparing the emulsion fommlations from 

plant seeds comprising: 

(a) 

(b) 

(c) 

(d) 

grinding plant seeds; 

removing solids from the ground seeds; 

separating the oil body phase from the aqueous phase; 

washing the oil body phase to yield a 

washed oil body preparation; 

(e) formulating the washed oil. body preparation into an emulsion. 

In a preferred embodim.ent of the invention, a liquid phase is added to ihe 

seeds prior to or following grinding of the seeds. 

In a further preferred embodiment of the invention, formulating the 

emulsion (e) comprises adding a liquid phase to the washed oil body preparation. 

The emulsions of the present invention can be used in a wide range of 

35 applications including in the preparation of food and feed products, pharmaceutical 

products, personal care products, and industrial products. TI1e emulsion formulation of the 

present invention is especially suited for the preparation of food-grade products as it is non­

toxic, creamy in texture and biodegradable. 
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b€t.ome app.ar(~nt after con.skh:ration ,Jf th{: ,Kcrm:)pm:1yin.g dri'iwtngs a:nd the fo1lov•ing 
ddaikd tkscdption rif th0 1n.y('l1tii)n. 

15 brn:m.b.hons comprising ol.1 hodirn; .:foriv€d from a cdL In orw embodir.ner\t tl:w prt:sent 

i:nv<~ntfon provides an emulsion fom,nhfrion. comprising wa~Jwd oi.l bi:idie~;. 

35 

preparation; a.nd 

In a prden(:d t,mbodinwnt ,,f the i.nve:n.tion, ,~ hqu:id pha.~<= rt, add.ed to tlw 
se;~d8 prior to or folkrwin.g grii1dir,g nf fhi~ ~--eds. 

In ,':: fo,-sher pri:.:forNd en,bodiment of dw invention, fo:rn:tu.hting the 
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ThE! t{::rrn ·''g:drn¾.ng''' as w,ed here:i.11. mli:in,s milling, cri.u_,hing:, d,e>pping rir 

granulating the seeds and UWS<:;' tem1.s ffi;~y b~ us€d. tnt,~n:h,i.ng(!,~bky throughout this 

appfo:aHon, J:n !:he pt(ic~:ss, tl:,li, s1:,E,d o~Hs m:1~ broken r:,pen. 

TJ1e tern.1 ~.•'sohd'.~r";> as u~ed. i1er~~s.n ~:r1(~<tni .a·~,y :tJ1.a.t~rh~l tJ~.<tt is n~)t. t~oh.1bh~ in 

5 th~ aqu.ecius p.hase nr in the oil body pha::;e, such as s€ed hulls, 

The term ·''·washing the (.lil bn<l.ies'' as ,:med herein mNws ,:1.ny process th,tt 

r(:.n10Vli:S cdhda.r contami:mmts fo.>m the oil body ph.,ise ... in purtkuhu any contaminant 

vd:dch i:mp,:i_rts undesh:ablf prnpi~rh,Js to th£ em11'!:,km forrn.ubtiort,, s-zK:h ,:1.s al.lerge:nic 

prl~perties! u:nde3imb1e rdom, odour, fiavt)vt or oi:gm:wleptk charnctedstks or any Gtht~r 

10 WHi,~sinibk property.. Exas:npks of mdhotfa nf ,vai,hing inchid~> gr,witMion bas1~d 

S('parnthm l1)€thods ::'iD:ch as <.'.ent:dfogatitm and sb·:e exdusion bas,~d separation h~cl:u,iques 

such a.s nw1·nbrn:n<:.i u1tni.fHtrnti.on ;;,,nd -:-rossHm-v m:krofiltrnti.on., W'ashi:ng: 1ndhod:;, an.d. 

r.i.:indH:ions me sdected in acccm:lance vvith th~ d.1~sirnd purHy of th!:' ,>il hrniy prepa:r,~l:ion. 

The te-rrn. ···w;u;h,~d. oli body preparnti.on'' as US<:.:d herein l'l.1Nins a 

15 prepnrati~)n of o:il bo<ti~:'s frorn \-'/!:ti.ch. a significant fU11.c}unt nf ,~~t11ular n1ah~rial has be~~n 

t<:.!niov<:.,d indud.in.g contamin.;:mh; vvhich impart undesira.b.k prnperb:es to fo(: em.ulsio:n 

fo:rn11..ilation,. Sl1ch .a::- ~Hergenic properties .. t:rnd.esirible col{lUf .. od<:H.:u· ... taste or organole-1)t:h: 
dmrn.ct,~ri~fic& or a:nv other tmdesirnble prnperty, Pteftitably, the v,uish~,d oil body 

preparation c<mtains less !Ji.an HY>;., (If i:>th<.::r S('.H1 prokim,, 

15 

By "forn.1utaling; tht~ oil bodles into ,'n'l 1m-wlsio:n>', it ls nwa:nt that tlw 

wash<:.:d o:i1 body pr,::;paratit>n is mfaed or 11-:irnog,:".ni.zed, if rwc,~ssa:ry .. 1.mtil an <:.:m11lsion is 

f.om,~cL In a ptde:nt:d ernbodin·wnt, m:-i additional in.gt't~dh:~nt is ;;idd(:d, wch as a liquid 

phase, an.ct the ,-vashed oil body preparation ,l:t'l.d. tl.w liquid phase <H'(~ rnixed ,mtil a 

hon1ng~~110tl$ tnixtun:-: Ls attainr:::d .. 

Th,;; wash1::d i)H b(\dy preparnfo:sns ,ire p;1rl:icubdy suit,tble for the 

fonm.:ilatkin of erndsion& due t<.1 advantaw,mis _propertks m:i:tHnNl below. 

Th!':, l':•trn.llsion fornn.ilations d frie pr(~serit :inveritkm. cmnprise inta('.t 1:vashed 

oil bodks of approxi.matdy unifonn sizt: .. shape and density. VVhe-n vlt:\-ved ,1nder the 

30 (~lectron. :rnh.:r:ost(.>fJt::~ oil 1)o,ii(!S arI?: found to bt~ -rrH:sr~ or l~:t=~s ~-;ph~;'1·,h:>:1Hy sha}3ed s:tn1ctures 

(see: Exai:n.ple Mmphy, I\ J, and Cun~o::n:hw t_. 1.989,. I'hytorhemistry, W: 2063-2069; Jacks, T, 

J- d al.-.. 1990., JAOCS_. 67: 353-361 }. T_ypir,,l sizes of oil bodb, vary hetw(ien DA pm. for and 

L5 ~tm {Murphy_, .D. J- and Cmnmin.s L,, 1989, Phytodwm:istry,, 28: 206:3--2069). VVh<:.:n 

m1aly2.-:ed uf;i:ng ,i Ivhl.lve:r:n Size Analyzer, it was fou..t'l.d that oil bodl,;;s in a washed oil body 

35 prq:mratkm isolated frorn rnpe:wed 1..v1:'.t~: symmetrically and tmil:nodAly distributed aro1.md 

1 µrn. thing a. !\.-faivern Si,w Analyzer a .-vash{!d oH body pri::paration could be dearly 

disb:ngubh<:.,d. fr<.n:n ;x)n,mercially ohti~inable oil-irH•vat~r ,imulsions in.duding soyn:i.iLk_, 

?lHtyon11aise (Kr~ft l~.t~al £\:fayon.naise) {U,1(1 tV,/0 ~;otonut .tnHk prep;irations crosca ... f\t{)y'a"J)), 
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Th€ exact size a..""ld i:hmsity nf ,the oU bodies depend& at le,ist h:1 par! Dp. the Pt<i:tfae 

:l:n'ritein/_p1:wspho1ipid/trlacy1glyo~rh:le co!Y.1p<n,Hfon ,-vhich ls p~~.sent. Pr<:.ip,r:dng washed 

oil b<idies i:1(Xording to !he p:t'i.,$,cnt lnv0J1tion does not r~,sult in a substantive aHi?.ration :in 

th!':! sh.ap1:i oJ thi~ niJ bzxlies in compari1,on with those present in <Vhok ~,eed ,·vhen vkw·ed 

5 1..n:Kkr the dec:tron rnkn:iscope. 

Upon bt(,akl..ng t~pen a cdl co.1,t,lining oil bodies ... tlw oi1 body tradion may be 

mp:kUy ;;rnd ~;b:npl.y separated ftorn aqn.~n.ti soh.ith:,ns since .ln aqLteous soh:itkm.s the nil body 

fraction ivi.H .Hnat upon application of i.::entrifugiil1 force. In so1utinns, ,-vh<ae llw density- 0l' 

th!':! (,i! body fradion i1;, greater than tfo~J of the solvent ... m::id1 as 95% dhan,,L the (,il bodies 

10 ,.viH sedinK•nt 1.mder tb1:'. smne i:·<.mdihons. The oH body fraction may dsi> b,~ &~parafod. fo;:itn 

the aqul:!ous fraction thro,igh si:t(i-exch,1,11>:n bas{,d separation tec:hniq1.tt.'S, su-:h. as membrm,e 

HHrntki:n .. which may bl:, advan!:ag0ous in that morn un.if,,:,nn.ly siiwd c:il hidies rxrn.y be 

acquired, 

Th1c'. oil bodks presi:~n.t in. tfo~ washed oil body preparations of the present 

F im,·t,ntion an, resistant to {,xposw:i~ fo 5trong adds and bas<cis, itidtidkig prolonged l':'.Xpo~,i.n:i;- to 

acid:i<~ ('.t>nditinrts at least as l(Yt-\t as pfl 2 ftnd a.tkalirH~ cond:ti:i<n1s at lea$t as kiigl1 as prI 10. 

WT1en. ('Xposced !:o pl-I 12, a slight loss of 011 was d>served, indkatiri.g a loss <A integrity oJ 

the oil body stntch.u:~- In. ,idd:ition., {!>:traction v,lth varimis orgar\ic sofotfon.s, l:n.ch1di:ng 

m"'H1anot ethanol, hi;-xane,. is<.:•pr◊pyl akol:wl and ethyl. mc€!:ate,, d.t.es not or o:nJy slightly 

20 comprornis0 the in:h~g;rity of tfo~ oH bodies prestir\l in ttw l.,,' <tsiwd oil body prep,'}.rntio:n, The 

<::,H bodies pr('Si'rll: in th!! 1.vashed oil body prep;;,rnti.on 1Nen, al.so fotmd to withstand. :tt:.ixing 

w:i!:h the a:nionk d~h,rg,mt, sod:ium dodecyl st.dJah~ (SDS),. frw catkm:k .. dd('tg(mt 

hexad~cyl frimetby1 hr(nnid.e and Tt'ii~e:nNSO, ,i :n.o:n--imiic dekrg{,nt Boiling d fh-e ·washed 

oil body prE;p,imtfon in the prnsewx, of SDS was found. to t%ttlt at least partly in 

25 disintegration d th1:'. oil body stnic:ture. Th~: ,:,il bodk'.r; pwse:nt in. the 'Wm,hed oH body 

prepa:rnfo:m are stabfo ·when mai:ntaind. for 2 hours up tn at kast :lO{.l"C. A ilmv fret7k ,md 

thav,r of '<Nashed on. body pr-epa.rations wsulted in " chang;;'. .in !:hdr phyi,kal appe,irance 

chatactt~r.i.;~(;d by the formation: of dmnps as opp<lsed to a homogeiv2ouf; emulsion. Oil body 

du:m,ping folk:n-ving « fn~{:\~l':i•tfoHv could also b,~ pn,vent,,,d to ;,. large degrne by dther a) 

30 fias.h frnl'::,•:ing in liquid nitrngen inst"'ad of slow· frt!ezirig at ~20'C orb) adding glyc~rol if; 

£=:<:cess of 5·:;,;, (v/v} to the oil body p:t,'I),H\:\tion pnor to freezing. The ffsfatanc<::: to rnlativ,;,1y 

h,m,h chemk-:il an.d phy~;kal i:-ow:hhons .. is ,, unique characte:dstk of the oil bod.i,~s pr<c:Siw.t 

ln ti.w ,-vash(:d. oil body pH!_pa:rntion of Hw subj,x:t inv1:.'!~tior1c 

Th~ presiint invention provides m-nulsion k"Jn\·mlatfort<; c,:,inprising oil bodies 

cnni:aminanb ix.dude proteins, vt,btik~ and other cnn1.pounds ,vhkh xnay impart 

undesi:rnble colour ... cid,mr, flavour,- organoleprk charadedstks or other un.d,~~lrnbk 

~h-~ract:eristics. 1\.. no:n:1b·~?·x of se(:d proteins lt~r\.,.~ bet;"..n ~;:"ported tu CiHX~e aJlergenic ti~Ztctions .. 
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· -l •';>, ,, ' ' ·i·v,,, c·1· .,, 'll T' 4''' ·1--· ~ s· l ' i ·1•9q3 c·,. reporw,, v~.rn1(,n.,.1a. f!, a.1,., .':!~,\>., . m ..... ,xp. A. {,rgy . ._.::>: · ~\}--4 ~; ~vlonsa ve e-, a.1., . ~ "'.• un, 
S Exp. Allergy 27: KH -- 841). J:fo,nce rei:nova1 of contamin;';!,h:n.g s~ed prn~_>-ins is adva.nbg{,(H.lt,. 

_pwce,;.s <,f the final em!.:dsi,:;1\. frl <in:kr for the \•vash1:,d oH b:,dy preparntfon t<:-i be induded in 

a dlv-ers,~ s;~! of t~1nt1ls:ions H is <:ksi.:r,ihki l:hat volat:lks ,m~ kept h) a :ini.nirru.un and Hw 

colour i.~ p:n:•fenih1y light or white. \."lashing of the oil b,)dy pti:'_p<H·ation results in a 

w;'\s obs<d'Vt.>d foat a .,,,,as1wd dl body ptvparnfo:st, hk1d a longer shelf lifo than an unwashed. 

preparnt:lc,n, Other .:·ornpounds which ar-1;• removed by washing indmfo ,mth,utrltio:na1 

gh.1cosinifot,~s and/or l::m:-akdow:n pn>tbds thereof and fibnn .. s i:ni\l:,aid. \Vht?rt heat h1:!att'd 

tn 6UcC'. o:r &O"C .. it v,,as ohs~:rV{,d Hmt latger qtmnhbes of wate:r ri;:n1,i.i.ned ;:1bsorbed. by the 

20 ·wMh&i nH body pr0pm-ahon whim -::oi:npm:c-d with at\ ,ffri..ni,h,xl prep,irntion. t}_pon coding 

dm·n, to rn<.nn tem1-~rntun:- l:'md c0nttif-ugatfon ... ll: vtas obt,1::rved. that tht: wa.shed on body 

preparnHon remained stabk.. \•vhik• phase :'><:cP<1rnhon G('Cl:u:r(d Ln !hi: 1.mwashed 

25 ·wasfo:-d. oil. body prep,uahon Vi;% i>ble to absorb a hu:ger cp.w.nWy of exogenously ad:dt:d 

'"''i'tt:t:r 1-vithout nisuHing i:n phas1:: s1:,paration, T.hus in the fom1ubtkm. d ,1que<.:.n.1s timu.lsions, 

w·ashed Gil blxl.i<:!s are prderr~?cL ''f'he cip;idty tn absorb i~xog·en:.:msiy m:h:k·d oih was al.so 

con:,pan~d bttween a prnparafo:,n of washed oi1 bodi;~s ,ind. ;xn i.u:n-vasht:d prt:parnhon. 

Larger an,oti.n!s of exugenni..rn oil could b,~ added to the i;.vashcd oil body prnparntl.o:n before 

prep;,l;nxL Vthen viscosity was c·ompan!<l behv~en ,~ '\-W'ii,lwd oil body p:rq:iarntion and an 

u:nwasht,d prf'parnl:ion H \-Vas found that the w·,~s.hed preparntinn was more viscous .. A r.nore 

viscc,us prnpar,1tion nf oil bodies is desirable as this efa:nin,Hes the nt~~'.d fm: the ad.diti.on of 

3::i thkkenu:,g agents in the {on:nubtion pr<lCe:c;s. 

T.hni, tlw \,<,'ai>lwd t)il body pn~parat.bn provided heni is sttp,rr:kir h:l an 
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.r•olour, odour and viscosity ch;;u•acteristki",, Ttw ,va.thed oil body prepan~Hon ,ilso has 

superior ,-vater and oil :absotption ch,n-;.1eh,.'ristic,. Finally due to tht, remova.l ol' ;.:1 

Th<:, al:mve observations W,:ire niadrc- using i,,vaiihed a ... ">d um"''a!i1H,:d oil hndy 

prepar,'ltions obl:aj_ned from rapesicied and pn~pared a,s ddrii.led i:n. Exa:mpk 2 of th.' pxesi~nt 

applirnfo:wi.. H is bdkved that resistanc:t> to ,elat1vely harsh ch~:mki.d and physical 

conditions ,,,vm ht~ ,'l d1;~r,Kt<i.'ristk :;,f the oil l:iodi,~s present in !fo:: washed oil preparntion i)f 

10 the suhji~ct invenhon reg,wdless nf !:lw ~01.1rce of the oi1 bodit>s, Hrn-vevN· it is hk,dy that one 

or rnore- of the hen,:inbdo,e docunwnted p:ropertl('S for rnpesf:ed oH bodi.:~s v.d.H vary 

somt,'1Nhat ,iep<:,rn:b:ng o:n tlw celh; fro:::-n whlch the ,va!:-hed 1-,H hodii:~~; prnpar,,lfon is 

obtaiiwzL N,~verthdess it is to be cka:r1y \lnd~rsiood t:.hat the :'iubj<:d invenfa,n is ::.hi~<,,vn to 

an oU body pt,;:,paratfon. ,vhich may be obtained fn.,m any ;;:dl <::omprising oil bodies, 

20 

fo on<:: etnbodinwDJ d the pt{:St'llt invtinbo:n .. thi' oil bodies m:-i~ ebtained. from 

SOURCES AND PREPARATK1N OF THE OIL BODIES 

Th~.' '\.·Va.5ht:d. oH b,)d_y pt•~pmati:o:n. d tb~ suhjed n:rn.y bi~ obtaitwd from ;:u1y 

ceU rontaining o:il bodte~ nr ;:,H body-.li.k0 organdies. This ini:::h.i.des an:h:nal Ci¢lis., phinl: 

(Pieper•l-1fas.t et aL, 1994 .. J, Bad<:.":rnl. 176; 4328 , 4337} and a1g,J:e cells (Ri::,ssfor., I-\G , 19&8, J. 
PhysioL {Lornfon} 2A: 394--400). ln. prnfoned ,~mbodiments of the hw(inNo-n. l:ht, oil bm:lk;,, Hn~ 

25 ohtr\irwd from ,t plant cdl vlhich in.dudes cells fro:m p,'.!1kns .. qmres .. seed a:nd vegetative 

pfant organs in ·which oil bodies i)r oil bcsdy-IikE! organ(:Hes an, pres(.:nt (Hum.1g, 1992, Ann. 

subject invention. is obt,ii:twd from a plant :5t,f>d ,tnd. most prd'emb'.ty frmn the group of p.lant 

13 allowed to _<;et seed u~;ing agrku.ll:u.rnI cultivation. puu:l:isi:,s wd.t kn!)wn to a pN·smi skilkd i:n 

the art. After h;inh,sting Hw S{:ed and 1f desired. remOVi:\i of mat<::da1 such as st:mw:s or ;;,e<:'d 

hti.Hs (d,d1;uHi:ng)-' by for exnrnp.le i~ievi:ng ()t rinsh-ig, a:n.d optionally dryi:n.g ,:if the seed .. , the 
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pre:f!:!tred ~1rnboi:hm~tll,s a liquid phase i,-;. a(kk,d prior to gr:i.,,ding of th.._, s~;eds, ,Thii; is known 

as ,,vet i:nilli:ng. Pnde:rah1y d.e hquid is ""'at.::,r a1!:b.ffugh org,tnk solvents such ;;i:5 ethanol 

rnay also be used, \Vet rni.Hlng in oil !:!Xi.rnrtion ptoC\c:SSes has be,N1 reported for see-ch from a 
varidy <if plant species ii,dnding: m.ustard (Aguihu- d al 1990, fo,mi.a!. of Texture stw::Hes 

~, 22;59--84), soybean (US F'i~trnl :3,971):l56; Catt1~r '<'t aL, 19741 J, Am. Oil C.tHm:,, Soc .. S:!::137~ 

141), pea:t)ut (US Patent 4)J25Ji58.: US Patent 4,362,759}, mfaint,t~(,d (Lav,·hon. et al.., 19?7, J­
Atn, OH, Chem, Soc, 6:~:53:Hi:34} and coc:,x1.ut (Ki..unm: (:t al., 1995, INFORM 6 (11):1217~ 

1240;, Jt :tnay a1sn b,~ ,idvanJag:i~,:i;:::s tn imbibe thB seeds fo:t ,, l:irn{; }Wriod frorn sib<R,t fiflt.'(,n 
i:n.Lm1tes to ,:1. ,:1.bout tvw d,,ys in a liquid phtis0 prw:r grinding. rmbl"bfog mtiy sofl...,,n thici c~,l.l 

10 walls and facilitate 1:h,>- grinding prncess. Jrn:bibit.ion for iongi:,r time pt>rnXl& may :tnhnic th,, 
germination _pri:ici~s~ and result in ce:rt,3:in ~1-dvantagi~ous alt1:,rnfaw,s in the t(nnposition of the 

The se;;:.ds an, preferably ground using a wHoid w.m .. sw:h as tlw MZ-130 

15 {Fryn:1a Inc). Besides mHoid rnJlls_. otlwr miHi.ng and grinding equiprmmt .:-,~i:mbk of 

11'!:en?fon~, any (1peratin.g ,:ondl:tion::, c1.1.mmon1y ern:pJoyed in <n! seed proci~sslng, svhic.h tend 

tn disrupt oil bodies a:t(' u.11suitabfo for ust in th~, pnx:e,;s of the subjed hw{1nfo:,n. :tvGHixig 

k-n1pi~ra.t-m\'S m,1c, pref~rably bdv,'een W"C and 90'-'C uncl rnore prdernbly bdw1:,en 26''C and 
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may be ei:npkiyed. H is alst., pos,:;ibki to sepati:ll:e the nil body Jn~ctkm froin. the a;:fte(>US 
phase etripJnying size exc:lu<.<ion mdhods, su(h as membnme urtrnmtration. and ci:m,sfim-v 
mietof:iltr,,tkin. Irt pn~forrtd emh,)di:ma,ts the tubu.la:r h,>,-vI ri::intdfo.g<c' i;; a $harpfos m;:Jr.k-1 
AS-16 (A.lpha Lrv,il) or a AS-46 Sharples: (Alpha L,~v-d). A critk<li parnmd:e:t is the sLwi 

5 · of the ring i:hi:m used tn ope.rate the c€int.rifot~e. Ring d;:,nns aHi i~movahfo :d.ngs with " 
c~:ntrnl drc:1.1for orHining varying, i:n t1w s:ase of the A:S-16, frm:n 28 to 36 rn.m and: regulate the 
fa~1)1n·ation of the ,i,11.H::ous; t).hM,i~ fro,ri the oil bodv phase thus ~mve:minl?: th!? p1..,:tilv nf thf• f J .: ... ...... ..... "" .,. 

:Jil body fraction whkh is <:,btalrv.,:~·t In prderred embodime:nts., a ring <brn :,iz\~ of 29 or 30 

mm is .:'.tnpfoy<:.!d ·when using the AS··l6, T1,e exact ring zhun siz,e <:.'mpfoyed depends on the 

preparntkm.. Thi dfidency t!l' ,wp,~rafa:m is further ,~ffez:!:ed by th,;;~ fon-v rate, Where thl? 
A&-16 is mlNi flow ra{,.,.s ,irn typically bdwe0n 750-1000 n,J/min {i·ing dam st~.{, 29) ox 

hd,v!c-en 400-600 rnl/m1n (ri.ng d.~:m sh-;£ :3{)) ;:md t~·rnpi::i·atun:,i, a:H' preforably maintai...t)ed 

15 sh{'S must be adju,~t•~d s<i !:hat an optimal ~ep;,u·,ttfon of the oH body fraction from the 

,iqueous phase h, achii,'.ved T.h{'M: adjustments \•Vlll he r12:adily apparent tn a sknted 

5-(~parnh<m of solids fff:cl &<ep,irntion of Hw aqn{icms plvise .frnn:i the oil body 
fraction may ;1lso b~ <.:arried out n::m.con1itant1y · rn,i:ng ,, grnvliy tms.ed separation m,Hh,,xi 

The compositions c,btained a.1 this stage ln the prnces~, g·eni:,rnlly -ff~, 
xdi,·dvdy cmde and cmnpri~e ni:.rrnerous s,:ed pt·oteins., \-Vhkh indo:d.es glycN,ylakd ,md non­
glyrnsyiatt~d protein~ a.'<d other tont.m:nin.ants such ;:i.s; sfa:rch or glucosi.nilat{,s or br<?.akdcrwn 

15 pmducts thm:eof. Tl'u~ pncsent invent:bn i:ornpris<ic:S ti"!<i: re:mnva.l of a sign:ifkrm!: armnmt of 
seNi crml:amirnmt.s. T<:, acco111plish n,m1oval of c,ml:m:nirrn.ting s.e<:.'.d n1,,leti,1}, th~, oH body 
prq:mration d..:ttiined up;::in ~;t~p,~mtion from the ;:1.qtwmss phasi~ is %',dwd at k:ast one;,- by 
x-i~sttsp.,::n.ding th~: i:iH body frnctk.•n. and ;:·~intl:'ifugi:ng Hw t'i'Sus;wnded frndwn. This pro-cess 
yidds 1-,,+w.t for Hw purpose d this appikati<m i~ rdern,d to as a \•;ashed ,>i.l body 

3-0 pn;'pm:-abon. The mn.11twr of 'Hashes t-vill gtix1era1ly d.ev-,n.d on tht' de;;b:1:,d. purity of tn<:.i oil 
body fracU1:,n, Depending on Hw '<Wlt,hing ;~ondiHo:n,-;; °t"<'hkh nre employed, m:i f.'!SS!.'.'ntially 

purt' oil lxldy preparation :rrn~y b{; obtained. In such a pr<2;p<1t<'<tion the only pn::,tdns pn~:wnl 
would b~ oii body pr<~t.eins. I:n order to: ,vash the nil bndy fradio:n., tubuLH bowl Ct'!lh'jfogf.'!s 

or other Cic":ntrffug.;;s such hyd:wcydo:m:s ot disr stack G:'.t,trifogs~s may be used. \Vashing of 

concentrati.ons betvve..,n 0,01 Mand at least 2 .tvt 0,1 f9j sod.iuxn carbom,te at high pH (11-12} .. 
low ~;alt. buffet,. such as 50 rnM Tris--HC] pH 7,5.,. nrganic sntv~nts, d~t{'rgt,nh, ot ,'i.ny nfuer 
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tempen1.turn, may bic vari«,d ;:kpending (:;n !h1:: t)'p<i! of ,K,ed which is used, Washing tit a 

nnmbic:r of dif.f,~:r1:'nt pH's b"~h-Ve<:'.n. pH 2 and pH 11--12 rn.,i.y be ben!:\fidal. as this ,-vHl ;~Bow 

5 s1:1lel.:'t1:•d Seti.ch that the '>"<'ashing step resuh:ii m the removal of ,, sig:n.Hka:nt anu)tu\t nf 

c<.mhu:ni:mu:1.ts ,vifom:tt cm:npro1x1.fomg the stnictural inh,:gri!y of the oH bodies. 1n 

emhodhnents :wh1::rn i:.n.o:n.' than Qrte i•;ashing; &kip is <.:m::ded oi,tt .. 1-vashlrig c:ondHfons :tnay 

vary for difforent washing steps. SDS g1:~l dtctrophon,sis ,;:,r other analyti.ca.l t.e,.:Jrn.ii:p.K'~; 

:rn,~y r<:ir.rveniently b~, o.sed l:o nwmtor thi"' rem,Y,tal nf ,_,wed pmk,ins ,i.nd <:>ther conhlxrd:nants 

betw1:',~n ,vnshing steps ;~Ni !Jw final was.hed oil b,)d.y pt·,,parntion may b;~ suspended in 

,vah,ff, a huH~r systr:.,n, for exampl~, 50 rnM Tris-<HCl pH 7.5,. or any other liquid ph,~s"~ and 

H S(1 desired the pH n,a.y bt1 adjusted h:i any pf{ betwet,n. pH 2 ,md pH Hl 

prnfo:tred !:'.ff\1:n:iditnimt,. the pmnps ,'u-<c' 1 inch lvr2 1/1/ild.:::,n ,ii.r opi,rati:,d. d.ouhk di,iphrngm 

pm:nps. ln ;,:;th{:r {,n:,h,>di:m~nts .. p1.1mp:s, 1>1ich ,is hydrauii< or peri~,taltk pumps tnay be 

ZG empioy1:.•cL ln r.irder to maintain a supply d hornogenous. c<m:s:htency !o \:ht dec:anta.tbn 

cimtrifuge and tn l:ht' h,lbufar bo<;vl centrifuge, hcn:nogli'.Oizer5,. :.mch ;;\s an IKA homogr:nizer 

open the rdl nury vm:y SOt!h'"Wl:Hit from thOSi~ US(!d to b:H•a.k b'-\rd,~r se!:'.d.S. Fnr exan-rpk,. 

pr{:$SlHTA">,~5i~d l:ecl:miques ,nay be prnJerri'd ov,~r c:n,s.hi.ng tec.hniqm.,s. The methodology ki 

isolate oH bc,dfos on a. small sca.k has been reported for i~:ohd:km o.f oH 1mdks from 

n,wus) (Holbn:wk et ,~L, Pbnt PhysioL .. 1991, 97; H}51-:!058). 

fo eml:mdi1mmts of the ixwi::11.bon \-vhete oH l:mdi1::s are obtained frmx, non--

i:mtlined abov(:. Th!? methmfolog:'{ t<:., is.ofote Qi.! bod.ie~, from yea~t has ht'{:l't doci.mw:nted 

(Ting; d ;'\]., 1997, Jourrm:! Bid. Chem. 272:3699--3706). 
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The ch{,rnii:;:,l and physkal prop1~rfa:s of Hw nil fraction may be varied in 

,~t 1east hvo v,n~ys, Firstly, diJf0:rent plant spedi,S confain oH rmd.ies with difforNiJ. oil 

techniqtH~s hu»-,;n to the ski.Hed artlsar:, Bnth of these t{K:hniques airr, at altering the 

rel,sti.vi~ ad:iv:iJ:ies of <c:,n:~ymes "ontrol.Hng the rn.etabt>l:k patb..,,·ays i:nvolv,~d i.n nil 

:,ynthesis. Through frg~ ,ipplk;~h1m of th~ise t,,cb:niq_11N,, s,~eds with a sophi;i;tica.ted sd of 

Dev, G~:nd, 1:S: 45&) and phmt 1L.'1es ,..,•ith i:iifa with a.iterations in the positioi1 and 1\mnber nf 

doubk bond~, variatinn in :fatty acid diain liingth ,md l:he i:ntwduction of 1.ksirabk 

furu::tion;JJ groups h.aV(! be,::n. g<::nern.ted th:rough g.,:'.netk f,ngineering {T6pfr;r et .~.L, 1995, 

15 forth<::r expand on the :i:n·e;;,;enfry available sources of oil. bodie:;, \ 1ariant (,il compositions 

\V!U result in v'<>riant physical and che:rnirnl properties. ,)f the oil hod.i1:,s.. Thus by s,:,kding 

ni.lsi:'.eds or :rnixtvres ther~~:::if from difforen.t S}?-"cies m: plant lin<i'S as a s;omc,~ for oil hodi<::s., a 

broad repertoire of ernt,.h,k)t1s with diff,~ret\t textures and vis<:.ositii~s nw.y be acquired. 

20 

FOR~.ftJLA TJNG THE mvnJLSlON 

The ,-,,ashed nil body prepm:ation n:rn.y be forn,i:.tlated i.:nto an emubon using 

technkp.i~'.S kn<r1Nn in the art. Frderably, at kast one ~:i.dditional i:ng:t1::di(int; is m:kkd. to tJw 
'Nashed oil body prepar,'°\tion, Tlw additional ingrnd.1N,L ixrny b~ adrkd as ,l ~;uhi.hrn1., 

s,ispension, a g:d or solid ;:i.nd quantitit's of the ,xddil:ii,)11al h1gredient will depend on the 

formnlation, Tfo: additkmal lrn'.?;n~d:hmt :mav ui:1on forn1ubtion bcconw ,issodated w·ith thf ,_ ... . 

25 oil b:ldies, :ri~main s,1spen<fod in snh.ition, or form a sw,pension in ,vhi.ch tb~ oil bodies .,w 
<lisv~rst~d, 11-i,: i:ngn::dient may alsi> pe:ndt,,t.e th;~ phospholipid n-101\o.laye1· snrr .. ,unding; th,:­

oi.l body or the triacylglyce:dd(: i:na!:rix. h1gn~di,mL~ which may .P•?X'lf,trah,i tht: oil. body 

ingr~:d.i1:•nt is a liquid phase. ln. a :further preforrnd ernbc.odime:nJ tlw hq11id phai,e i.~ vvakr, 

30 Wafor may h~: added ei.l:her dir~ctly cir l:hrnugh moisture ;~ssodal:ed with annther 

wax. OHs or 'N,:1xet, nwy partitbn to th,~ trl.<1,:y1 glyceride matrix of the oil bodii'S ;~ri:d i:n 

thi.~, .manner lipid sc1lubk ing_t{:d.ienb, such as. Hpid. i,oluble vifa.mins irrn:y bi:• delivered to 
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th~ oil body :rnatri>,. VVht,re o:U£ zn· waxes ctn:nprisE the add.ed ingn•di,mt., the oil h)dle, 

m.<lY remain si.tspended in. tb<c.' H.pophilic ph;H;e o:r double (,muh.kms may be fo:rmf:d. 

The finrd composiHons may be in solid or :in l:lquid form n:r of any otl:wr 

d-l?sired viscosity .. 'Th.e t:r.-nu1sion 1nay ·be tJth:-kent:~d- MS1.ng g(:lU:ng agerits su .. c}1 a~ c~Ht11,~se iH.td 

5 ..:forivativ€s, Carhnpol a:nd ci<3;"::rivatlv<::is., c,3:roh,, <:arrngeena..'1s an.d derlsativ,~f,, xan.!.haru~ gm:n .. 

sckra:n(; gurn,. long chail1 a1ka:nolm:nids~s, rmd benton<:.i and d.mlvatlVE.=t\ typkalJy pn,i,fc',nt in 

(on<:entrations k:ss tfotn 2'X, hy- ~-veighL 

The .. ,mulsion :may further compr:is;:- surfad:ants to wd, foam, pi~rwtrat<:.<, 

erm.dsHy_. sdubfilze ,tnd. or disps;-rse a ;:,di,cted n,ahffiaL f'or e.xaxnpk ,mkm.ic surfactants 

10 such r,s sodhnri s:-o<::onut m.t.,.n.oglyn~,i,:k sltlphonal:e, cation.ii:- surfactan!:5', ::.t.1ch Ml huryl 

td.i:ndhyl . .ammoniurri ;:-.hlnri,k, rdyl pyddi.niur:n chlorfrk and trin:i.s_;Jhylammon.ium 

b,r(~n1.idJ~ .. nonJo:nic s1.itf;~cb,'$nts h"'~th.uiix1~~ .Phlt·onics .. and polyethylen~ oxidt: tt)fttier1sl~tes Qf 

alkyl phcnoh,,. and zvdtterkmic :mrfm::ta.nts such as d;:-rh-','1.t:ives d aliphatk quaternary 

ain.rrion.iurn .. _phosn1on1iurn. and ;'>ulphordun1 crn1,r1ourids 1nay all be addt~d as requiret.·t 

1S Chdahng age:nts, ,,:-apahk of binding n.,t:ta1 ions, such. ;t1, h'u:l:a:dc acid., 

EDTA., citric acid.. al.kaH xnefa1 cilrate:s .. pymphosphat{' :;,,,lt;;. or anionic polymeric 

pdyca:rboxylate:s rnay be also induded in the emulsion fonuubtion ,is dt.,:sired, 

G;:".n0raUy_, the tm:tufoion formulations ,vW bt' trnatt-d sud1 Hiat 

rnnt.amirm.tfon by haderfa., fungi, myccpbsm.as,. vinmes ;3.nd the Hke or und<i.:slred chemk:al 

2.0 tl~<~{~hnn3_:- ~·oc1i as oxidative r-E~action~ ar:e pre·ve:nJ~~cL Ln 1)n~fE:rred i~xnl)O{iixnents t11is is 

;3.n::omplished by thti addition of pte:servativei\ fo, i;!>:a.rnpl"' sodium metabisulfit.,, or other 

d:H;n.,k,~1 additivt:s or by irrndiatit)n., for <:.!>;ampk by foni:d.n.g r,'ldiati<::in. such <1.S cobaH-6!..1 er 

ce~iurr~-.~137· irradia.tion. or b)r ultra.violet irradiation. 

ln fH.id.ition... <H:tiv~ agenJs xna.y· be add.ed to t.h.~ \,vashed oil body 

using the present E:n:ndsi.on fnr:mulatkm: an.cl. viL:a:n:in:, and. mnish.1.rizing agents may b<i 

lnduded in &kin crom11s, One p,irtk:uhdy ;;'\dvantageom v.';:1y in 'which an active ingtli;:hent 

n."l;oi.y- be mduded fo emulsion,~ of the subjE,d irrvenboti., :ii, through consfrw::tion or oko,iln gew;­

fusions as cfatailed :in V\lO 96/21029, Brid'ly stated, l/1/0 96/21029 dl:sdo:~€S a tn.ethod of 

:'30 produc~ng _proh.:i11.s an.d. J)eptid{~S as fusion l)f{)t.t~ins nf ole~)sins~ Th{~S0 fusio:n. fttoteins atl: 

rre,ikd by genetically !:inking the gent~ ,~:n<:oding ohwsin to a g<i.:ne encndmg a p€ptkk o:r 

prot(dt) of iott~:rest.. 13xprt~ssic~n (>f th{~ fu~;ion g~:Ju~:.- in for exarrq)l~: ::lTl oHst~t:d ·pla.n-t,, results in 

syntht?sis i:)f a. fu.sio:n ·protl~irl \<Vhich is tlH~:n tatg·-E~ted hJ dH.~ on body .. Isolation. of th(~ oH 

body fraction n,~nk, in r1:'<.:ov<2:ry r,f the fusfon protein, ln pdndpl€ any <h,si.red prnk<in i:ir 

~:35 p:{\pt~de ntay t>e fn~oct11c~~d usin.g this tf~t:h.noit)g~y. .For {~x;irttf~.lel it is ~~n\l~s;;1ged that }'Olar 

fish antifn:,eze p(ipl:id(•t; (Davie:, .. P.L et at 1990, FASEB J 4: 2:460~2468) are prndu.ced as 

okosin Jusion. prntei:ns, The ·wa!lhed o:H body preparation n:my then b0 ,,Im:pfoyed !u prepa.re 
h::t~ ~:r{~~it:ns .. n~iL.tshak-f~s or other frnz.e:n. fQndgra.de rnaterkd.~ iv-ith hn_pr(rvetl f1--e€·ztn.g 
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properbes by i.nhfoiting; or _pr."ivvntLng ke crystsi:l fon:nation. l:n anotlwr f:.'xm:nph\. ,i 

thernpeutk protein may b,;i pr(1dw::~d as an nko$in fusion. The oil bodies may then bi: used 

to fonnt1foh~ ;i <kslntbl(' susp<:mslort ,\'hich mrry be for tn:al cor1.sm:nption .. qr for topkal skin 

appik,~Hon. This e:n.1hodi.:ment of the prnstm!: invenifon if> furths;:,r €X€mpHffod hl exampfo 

.A:n i~nmhion v,dfh :film fonrclng properties n.1ay also bfi forn:n,,l.at.ed. S,K,J1 an 
ernnbion ·when it is applied fo ,i surfrK'€ and dri,~d. fonm, a c<:ntting. .An exan.,ple of an 
emulsion i-,theri:: -~ cn.atd oil bodv mm is ;tt1nlie<l is in: fish food, v,·h{,n> oil bodies ma./ b,~ ,, ~ ,\. 

p,,,rtk:ufady useh:d in 1i'.tnbodiments of thi~ pri~sent bvu,tion ivhere: iconttoHed re-Jeam~ ot ~m. 

acfrve ingmdfon.t :is d.0sirnble su.ch ,ls in ddivery of p1Hirrnm::ei:itkab or vohttiks si..tch as 

Otlwr fadots., sud, as !:lw c(rmpositio:n <,>f th!i'. ,:'.mulsion and th(! type arid conctntrafam of the 

active :i.ngredi1:,nt ahio determirw fo.;:! di;xrn<'.t€ris.tks ,If rnktG!:'.. For example.. cosolv€nts .. 

2:0 of an adh't~ i.ngr{:dient is also <:foi,.irnbk in fo,;:;d applications, where a flavorant entrapped 

in a.n !ill\ttlsion is rdeat,tXl during o,nsun,pfo::>n. Thi: release of the Havor.:u,t, de1wndi:ng ;)fl. 

fhi? ~xact fo:ttnulafam of the emuhkm_. may eU.dt a sudde:n inten,w sens,'lfam o:r a more subtle 

indrn:k<i .in tlws,: sprays, Emulsions of this typi~ may ahm bE; spra.y{:d onto tl:w surf,lC{? of 

dried food preparntlons such ,1s p<:ltrito chips. and drkd soup. Tlw en,uhim'< rnJgh! lrKh.,i:k ,t 
flav,::ir,mt and add preservahv~, vdm~ or m,sist in nw.inta:ining Hw ,tppwpriate mni.st:ure 

30 fovds of the food. 

USES OF THE f::l\·H.JLSlON l'<ORMVL,\TlON 

,m~ l..lsdul in i:ndustdal and dom{isti<:: <::omposilfon.s. rt 1:, nnt~d that the i:;rndsions may bs:: 
~,p-p1fad in cm:nposi.tiorm wbkh vary tvk!dy in physical prnpertie~, and uw. Thus sp1:~d.f:k 

personal care produds rmd :i.nd:ustrfol pnxhKfa, 
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\:VO 98/53698 

food ,>::nd lives!:n-ck feed. Pen,onal C,l.Hi products apphG,hons indud1:i so;~ps., cn:;rnetic&, &kin 

cn;;'m:ns., tao.al creams, tooth paste., lipstick-' perfum(,s, m.<\h~--up .. foundation .. blusher, 

of the subj~,d h1v1:~ntion in.dude !h<:.irap<:.'utk agents, dfa.gnostk: agi~nts and. dt,Hve:ry agents. 

As ;:i, tl:u~:rapeutk or diagnostic agent, the emulsion 1NH1 additlzmaHy contain tln active 

i.ngrndient, ·m~ ,1.-th'fc' ingredknl: i:-an lw m1ything that o.n.e wif,h<i.~:s to ddiver k, a hc,:,t. I:n 

10 rn1e ~,mhNJiml'nt,.. the adive ingr.~dierit may tw a pwtein or pq,fak that has therapeutic or 
diagnostic vahB~- Such pi.::'ptides indrn:le antigens {fot v,,cdnt~ fonrn.,J.ations)..- antibodfos, 

fl:w pre:wnt invention inclw:k pai:nts" coating:'::, luhri<:<mts., films, gels, drilling fluids, paper 

may bf, i.ngesti:•d Hwy must be of forn:lgrnde quality, The parfo:uh:u: product ,,nd th<:, 
p,n'tkubr form in ,vhid1 !h0 ,:,:muhinn is applied, ho,-vever rn not of cdtk:al importm,t~ and 

may be a::; desired. H is to b~ <.'.k:m:ly tu:!dN·stood that the emuisim1 forn1ulated \-vith th(~ 

20 w,ishl,·d. tiil bndy prep,iwhon m,:::y h, applied :in any domestic or iw:lustrial _pwduct. 

expkiiJi;•d in forn1ulatinns of <idd tmuhions. For (:xampk .. thi> o:nubion fonnuhtion nwy ix~ 

u.sed in tbe preparat:k,n of ,l mayon.r1.aise•HbJ foodpwd.m:t, which besides the \•vasl:wd i:,il 

25 Pourabk emulsions, such ;is :,abd dn~ss:ings may be pr<:TaH'd. bv irKre&sl.ri.g the relafrwi 

amcnmt of vtnegar and/,n· hy th(, addition (~f watN. 

30 body pti.::'paratio:n i,~ employ;~d as a frying snh,btak. To pr--.:-p::1.r0 a bedi;:,rnd smKe., tG 1 part 

of the ±wafod ·wa:,h<:!d oil body pnq:m:rnl:inn, l part (\-V /w) of flc,ur is ,Kkk,d and :stirred until 

35 appl.i.cation,. -sn1aH arrwunts of v,:ater are ad(kd to lhe w;:1,;hi~d. oil bod.y preparation .. for 

e:<ample, le:s~; th,m 10'}f, until a desired viscosity ls ohtah·wd. Natural butt;:::r Havou:rn a.n.d 

thkb~n~:rn may bi~ added as de5b:,xL Thi:- buHe: suhshtuh' ni.ay b;:, us,~d o:n. S\V~'l: ci:irn, bread,. 
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may be Mkfod ty_pi.rnJl.y to a kyd of ah)ut Z.5% (wt/vol). Colour agimts'. :for i::xampk, 

extrads of ~rrnatto seed. m· ca:rotexw ,xviy be added to deq>im th,> cohwr as desired. An 

a.dvrmtage of this application fa that the o:ll body b,~sed butt<.zr does not torn.prise 

hydr<igi~m-i!:ed fatty ,tdds, 'Nh:kh are us1:.,d in the formulafo:ins of m,irgminer, and Hi(: hk<:.' to 

~, ,Kh.i.eve ,1 <.fasirnble ,xinsi.skncy, br1t am al.so with ass(x:i;~t<.'d ,vith rnrdfovasttifol' di1,e,1ses, 

S:hort{:n.i:ngs may b<:i pn.iparr:.-d to various ci<:.1gH,t~s ,:;f sl:Hl'ness,, from a fou:.m to 

,1 pournbk shi;:,rtenmg, In this a:pplkation, air is bi~,~t<,,n i.n!:o the emulsion fom·o.:1lahon a.."ld 

the emufakm fornu1foh,m cm:i be consid.1>:r1:.id tn 01;.' dispersed k,to the co.n.tin:uotis ph;.~s1~, ai.c 

Shortenings 1rn1y be applkd to mix,% ·w1wre C:rea:rning and ifoHing ,nf.i <ks.ir1:.~t't Thes{, mixi3.':;, 

,:\n imit,ition fruit juice m,~y be prepared frmY, a:rtifida.t o:r naturnl fhwours 

and nutrients Such. imi.tatim1 _jmces do not hav"' tht! c<11.-:rN:t ,,pp13.'aH1n,:::~ and due to 

transparency appe,~1' to bi"' wEak or dilutt~d. By adding a small mmn:mt., for exampk (U. to 

1'\, {v /v) of th,~ w;:1she:d on hod.y pn?-parnJi011 or an mtlnl&inn tl:H~t<:.!of dm.Kling may o<::.cm h) 

15 give the }Uif:e a :rich. r~.PF~fa:arance~ 11ru::; th.t~ fYrt~s-E:nt oil bod.y· preparatio:n tJla"l bt~ usf::,i as :i 

doudmg {igent. 

In an.oth<.zr ,ipplirnthm i:nvolvi:n.g _juin?s,, the vv,~~Jied nil body prepMatk,n or 

;-u, e-n:mfaion the:t6>f ffui.y tw added to jt1k('S 'Nitll settkable solids, sisd:1 as tomato juice. 

1\d,ciing ii srn<i11: a.n1nu.nt of ·tll~!· \'\1il5h(~d. oil body pr~~r:taration1 for exru1'lJ)l0 0.1 to 1'}t. (,.~/v\ 

20 n:1;;w ,kcri;,ase the ratl:i of sd:Hing of the solkfo in tl:K juk,;.-, and. ;:1ssist in rn.tinta:in.ing the rich 

appi';'intn.ci~. 

Topical ,ipphc;:i:hons of the w,tshed o:il body preparation of the pr<:,s(:t'tt 

invention an~ ,·ilso 1:.invlsag~d. ln this embodirru~nt Hw ernul::-:ion it, fottnnlated at> a 

,fa:r.n:rn.tologkaUy acc(:_ptahfo ernnb:ion, 'Nhkl1 may for example be ernpk,ytxI to rrmisturiz{, 

2.5 foda1 and/or body skti:i., indudi.ng nails ,md hps ,w may .!:1<1.ve properties to combat ;tg<:.;ing of 
th~i skin,. acni~, plgmenui.tkin, ha.ir lo:;s_, or pmn:wte hair n~:mnval o.r facilitate \vound 

h~~alir~g .an.d,/nr r~.~i{rucb.Jting of th~ skh1 "thitHJe~ 111~~ \.\".«sh0d oil body prt!p~~rati.{)rt r£~pres{:~nJs 
p1-e.fo<rahl.y 1,99%, by \vdght of tlw, fi:na1 cm11.posi!io:n. 

"'fhe· (os1Ju~tic contpositions of th(: _present invention 111.ay c::n11p:r.ise addith-:sna.l 
30 hyd:rocar.bon cornpounds such r,s plant, a:nii:nat mlner<ll or synthetk oils or ,N<i~{'S or rn.ixes 

tlwreof. Th•3.'Y c,;n1:1prise p,mtf.fi.n, pd:rnfotrn:n., iwrhyi:lro1><1u,,l{:rn:., ;i:r,trn o:il, ,llmond c,il_. 

c:<il1}hy.lltn1:1 oil .. ;ivocad.e <}il1 sesan:::e Gil_.. r:tHstor o.il_.. _jt)jobu ofl.. c~Ht .. e oiJ. <)I t('::n:~aJ gerr1, o!L 

11sh~.r~ tili);Y b{;' inc:.ludf~li s.uch f~s eth~~rs o.f hu1.tJ1ir acid .. ~ oleic facid .. 1auric Rtid;- steiirh:-· ac,h.·C 

n:1yrfatk adcL It is Hlso pos~,ible to indu,·fo akohob fo:r 1~s:m:r1pk. oh~oyl a1o::,Jml, lindeyl 

35 akoh,->1 or hn.oknyl akohni, isostea:ryi alcohol or o<:tyl dockcanol, akoh01 tir poly,1kohoL 

.PtJ:rth(~r hy<iro·carh<:n1s \,v1:1Jc!t rnay· l:Jt:' i:nch.1df:d an.~ octarHJaJ(~S .. de(:a:no~1.tt~s ... richloieates .. 
c<~J}tyJic/capric trigly~x~ri(ies or C10 to (~22 fatty i:1cid t:riglycerid0s. i\ddithn.1 oJ Ll1r:s{~ 
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1:lydrogenated oHsr·whkh ar.:i soHd ,it 25,,C., i,uch ,is hydrGgen~red castor oil, 

r•aln1 oil or rocorrut oil,. or hydrng-en~lff~tl t~~ll<.n-v_; 111011.ti ... di-•· td.-.· or &ta:-:roglyct~rid.es; la~nolitis,~ 

arid fotty ,ldds 'Nnich ar(, -~o.lid at 2S''C m,iy aho h«~ indud('d in thi~ cnsrnetic formulations ,1f 
the present irr-;.nmtion An1cocri-g tht, V<",,xes i-,thkh mr,y be l:ndu,:h,d are an:irnal wax(!/> i;,_i;~h as 

:> l:•~es,vax,: plant waxes such ;:-is cammJha ,vax, tand,'.\Wl.a ,.v,l\ .. ou:rn:urry \Vax, Japan wax or 
•vaxes frnrn. cork fihtiiS o::: sngar cane; rnine:::,~1 t-vaxes, for i~;«ample parnffrn wax, Hgri.it,~ v,,;n: .. 

n:1:i.cn:wrysfa.llirn~ 1-~·axes or o-zrikeriks ,~nd :,ynthdk waH1s. 

I'ig:men!.s may h~ induded. an.d. may b(, white or colm:m~d,. inorga..">k or ;:irgank 

and/ or paf~t]E:.Sk'€nL 111(:se pign1t~nJ~~ con11)ris~ Utaniinn dioxid~~ ... zinc oxid~~, zi..ricordnrn 
10 d:i.oxid;,:,,, black, ydlov,', red and hw,vn irnn ;:i>:.kk&, ci~dum dioxide, c.b.rom.ium oxide, fonk 

blue,. carbon bfot.k, bi~.rium, strontium .. , caldum .• tnd ah.n:ninurn lake~, and mica <'.{)ah>d with 

Active ingnidienl:s comrrwn)y etnpfoy,,,d. in toki:n crea:ms, such as vitan1ins, for 

«:xam.pfo c\5 vitarnin /\ ,:ir C and alp.ha hydroxy adds_, such ,rn citric., glycoH.c, hcl:k ,md 

15 t,fftaric, :into >X)smetk .md/ or de:rmatnkgirnl co111posHfon.s may be lndmhxL Fot example, 

OS p<1.tent 5,602,.183 ts::a<hE!f; that vitamin C M ,,sicorbk acid promotes growth of co:n:n.ertive 

t:isst1e" 1>art3:cula:r1_y h1 th.e s.kin str(:ngthens tl-ie s.kin again~it: {~xt:{~rnaJ ;~ggress.ions StH.:h as 
from smnke and l:.JV rndiation. ll,,fofaturizing ,tg-•n\t& 1-'«·h:id:; r:::my he hich.,d<.:d in skin creams 

ant.i. <:osn,efics ftn~ f~)r ex:_in1t1le 111.in.er~:).} oH a1u.i urea. 1\n.do>ddtn"'.Js sucl1 ftS tt'u:- rH~h1ra.Uy 

20 oceu.rrlrtg h:>c:opher<>1:&• ~nd rh~>ly_pht'!l01s .. o:r b·utyh3:.ted }1_ydroxytolue:n.e o,.rid h.ydroxya.rdso1e 
nny also b.:- ah;i:l ,uid,d. Sw1so:~t>r!S :such as octyi tr,i,thoxy,::inna:tnak, (Pand MCX), 3-

'.twru:ophen<:.,ne (Uvinul t<.-140) and butylmcthoxyd:ibenzoyhnetha:rK (f\usd 1789) rn«y b0 

(:n,1.pl.oyed to pric'.pati;: ,, &,m fanning lotion, Pl:mr:m.aceutically actiw ingr<,:;d.i€nts \Vhich snay 
be usi::d t,:, .formulate <:.'.Osrnetic cotnpositions indud(, frir <c•xm:npk ,ulti:bi,:il:ic,, .. fongkide1:o and 

The find cnsn,etic pmdud n:1;;1y be fa th~~ form of a free, poun:d or crn:npaded 

p,nvd.,~:r (foundation, bh.isher o:t !::ye;;ha.dow}, si rdativdy greri:sy p:::odud sach as lipstick,. 

m,3.:::.carn, or rm oil or loti.o:n for th,: bQdy or foN<. 

ag--t~nts, ~~ fluotidE\ tl1i:C'k.t.:n0rs1 $1·Vf:t~ten£-.rs .. fla\I(H'ilnts, fot f?Xan1plt~ as oH t)f J)e}$P~~r3:n.int, 

(~nzyrn.es and biocid{~B. 

/n; exa.mpk of an indusiriR1 prodi.:td ,vhich tna)y be fom1.ulat<?:d is paint 

ivh(~rein th{: tn.ain r~'Sini such. as thoSt;"" bast~-d on. s:H:k:one ty_pK cornpounds, acry.tk~ t~)tu;~ounds_ .. 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 479 of 3341

-18" 

in}iibit<n:s .. 1:d:travkikt ,~bsort1i.-!g agents, .fr{"' radkal quen<:hlng ,\gents_ etc may be 

for.n:i.ulat.~d in paint z:omposltions as .rtiqti.i.red. 

Th1:;~ ,,vashed ():il body preparation may abo h<c! l:o fonm.date lubrkants. For 

exampk, the washed oil body preparation .may bJ used h.1 pm."tially or ,mtl:rely rnphn;- foe 
5 h,hri.cahng <:.Hs such as ,n\i:tna1 nHs, vegetable (:<Us,. _pdrokmn h,hrirnting oHs,. synthetk 

Iubri:::',lting oHs, or th(~ hibricating gr12,as{i snch as llthium g:nia.se_, un::a gi.~tH'>i:, and cakli..un 

gn~asii. Other compositions {,mph)yed i.:n. a lubricant fornrn1ahon comprise ra:itioxidants, 

ddergenf d.ispersants, eilrn.,:,s agents, frk:Hon modifkn., .. viscosity index improver..,:;, pour 

po:lnt d~,pms~«mts ... solid h.i'lnkant :mah~rial.- rust l:ri.h:ibih)t·s and a1,tifoaxn(>rs. 

:LO V'laxe:s may ,,!.so be pr1:;'p,mid. using Hw ·1yM,h.t~d oil. body preparation of the 

fH'1:;!S(;:nt i..•W{,ntion. Thes{, <:om_prise rinst, .. wax typ<c:s, sud1 as those provkH.ng a sfabki 

hyd:rophobic film-finish ont,:i autmnobik:s and oth"'r prntecHv,~ r:oa!:i:np;, Other 

cm:n:posihoris used in the pi:12:paratfon of a V«'i'lx cm:nprbe surfo.ctants, :rnh1<;)ral oils,, ~-uch a:o, 
nnxed pan-dfinic and ,-,:i-cm,atk/naphtenic oih,. perfumts .. bi,::iddes, colourlng agi~nts which 

V{here indud:r.ia1 pmdud:s., su.rh as p,iints or lubricants are fnm:1:ufatt,d, purity 

of the oH bod.y ph,lse may he less critical and it rnay not be nec~ssary fo suh_j~ict fhe oil 

hodh~s to washh"lg, An ind.w-Jria1 t:n:11sh.k,:n rnay be prep,m;d by (i) obt<tining oil bodk:s fwn1 

a ceH ,md (ii) fo:nnubtixig th~ oil foxfo:~s into Hn ind.w,tri.al en,ulsion, The oil bodiN, n-1:ay be 

20 obtained by (a) grindin.g pb.nl st,eds; (b_) nmwving solids from the grtn:md seeds; and (I,.) 

separati:n;; thlc: oil body phaM· froxn the ,iqueous phase. The lnvention also includes an 
industnal e:rmshkm corn:pr.isi:n.g oil bodies preparis,d according to th{i pr!:'sent invention. 

Obh,inl.ng. a '1-\lttshed oH body p:r~paratio1\ f:rns:n oihlet~d t<lp~,, soybean, 
stmfh:iw{!r._, wh.ite must,ud, peanut, s~1iHsh,- flax,. saHfow{!r ,md :rrrnfa:e .. !al:mrat<:ny s~ale .. 

Dry ma.tun~ seeds \'.ibi~dned fri:m, Hrnssic,1 tMpus <:v vVestar,. soybean .. sttr\Htiw1:.ir., whik 

mi:ist,u-d, pr~anut, squash .. Hax., saffic,wer and rmli.ze v,,ne hmnoge.11fr.E,d in fiv~' vobtn1:.!S of 

30 cold grinding buffor (50 ,xiM Tr:is--HU, pH 7,S., OA :M sucmse .and 0.5 l\t NaCl) usi.ng a 

pdytron opernting ,il: high speed. Tht' hornogi:.nate was omtrifugd ,1.t 10 x g for 30 ml:m.i.t1:•s 

c,:m.bining· th,a bulk of the sohible sei~d protein. The oil body fraction W,l;:'i skin:i.rned frmn the 

surfacl:: ,:if the supernatant with a rnd<ll spatula and. added to (ffli' vohrnw ,:sf grtndin.g buffor. 

JS ln mdi~.t to a<:hiizv .. i eHkhmt ',Nashbg in suhs,"'quent st<;)p:i it was kn.md to he necesi,My to 

thoroughly n!disperse tlw oH hod.i .. ;s in fh<;) gr:lndin.g: buffer. This V...',6 mx:ompHsbed by 
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50 :tn}ll Trfa--ffCl pll 7,5 and c,:-:nJrifug~d as abovi:'.. FnU,)Wiflg n~1itnfup)hnn,_the <.1H bodies 

w.,n:i :rnnwvN:i and the V>"ashing procedul',, •.-vas repeated two tin,~s, Th1c" final washed {1i.l 

hndy pr~pa:ra:hon 'was resusp,;-:n.d1:1d in one V<.."l1u:me of cold Tris•HCl pH 75, H,dbp(,n,d. wifh 
the polytron~ 

T}w· niJ body s,irn.plE:s ,veric: dissdved i:n SDS sm:npk: bdfot a.:nd ther1 a:n,;)lyzed 

by SDS gd ek,ctwphornsi::,. Th., ~sults .,re sh~1'Nn in Pip1n: l. 

The :mafori;3.l thus ebhiined m.al:eriitl W,;)S then ready to be employed. :in various 

oH bodiN, and is cmrrparibk in puti.ty v•;ilh a preparnfo:m obtain,xl u~ing bborntory sG,Je 
pnx:e,·:h:m~s. 

hopp.!t, Approxhn,~tt~.ly 50 • 75 1 w<1.ter ~·vas 2>upp.lkd through un ext~irnillly con:n.I~d~d hos(i 

20 prior b) i'.nilhng. Opnation nf tht, mii1 ·was at,, gap sdti.ng {)f l.R, dws1::n lo athiev~ a 
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each pats lhr(}ugh the centrifuge,. <:orv:,:t\tmb,,d oil. bodies ,-vc:re mixed with ~pproxhw3Jdy 
frv~, volu:n:u~:;; of frt~sh v,,<lf:er, The entire procedure ,-vas G~_n"ied Nit at tonm k,mpe.rnturc. The 

pr-e_parntions obtaiw~d following the sc•.xind ~;qJ;Hatlon an., aH rdern,:,d to as the "\•Vt1sh0d. oi.l 

body pr~p-iltati<:m.. FoHow'bg: three t\'a&hi~s much of th<;;": ronta:mi:n;;iHng :s.oh:ibk protd.n \'v',lS 

5 removed rind the on body protei.n profiles ,)bt,~ixwd ,rp<.m SDS gel dedrDphcn:esis v?ert' 
s:hnilar in app~iarance ki thN,{~ obtain.Ed Hsfrig laborntmy scale pnxedt1.re5, 

sig'.nifirnnt am.ou:nts of s~i0d protdns from !:he oil body preparation, T.he1,,;, prdehi:s i:ndude 
prnld.ns ,vhlch n-iig:ht he a.Herge:n.ic, 

nwvs} rn: stmflower (.HdianOui;; animm,) ·was poured tb:(tugh l:ht hopper of" cnHoid rnill 
l.5 (Colloid fv1iH, lvfZ-13() {Frym,t)), w+,kh •NaB Npipped. with ,t J\{Z-·120 ctt)Sffwis~ toothed 

r,:itor/ stafor grind.i.ng sd and top h)ading hopp{~r.. Apprnxin\at;dy SO - 75 l. v•.1at<i:,r -i.vas 

25 15-20 minut"',s apprnxim<\tdy 15 kg <.:-f seNi ,v;is dixa:nted .. A. sarnpk, Jrn:m thi' (kc;rnted 

liqu.id _pl:H,i.~;t~ v,1as ribtai1,ed h>r SDS gd ded:rophoresis. ${,paratinn o.f she oil body fracfo::;n 

L/hr; ,i.ngda.,•n.: 29 mrn.. Op1~rnting spi~£d was <1t 15,000 rpm (D..200 x g). A \Vatsc,i\-.tvfarkiv,r-:: 
30 (Mod~l 704) ped.sl:altic pump i'<'a:, used to pu:mp the d!i.~GUlt\'.'d liquid phM,{~ into the hibula.r 

l:xnv1 C'{'nl:rifoge aftN' bringing th,~ centrifoge 1.ip to ope-rnting sp{:ed. Tlw u:n:~.,_ra:,hi;:d oil bt)d.y 

phas{, was c-,btaixwd and mixed wHh appn.ixh:nMdy 5 voh:mi.es of w;;\ter .. This pnKt~dur{: 
wa:~ r~pe.01h~d ,~ total of three more Urn.es. Thi~ z:,H body phas,~ ·wh.kh \NBS obtained 

foHowixig th~ Jii:st spin, fa Nfa:reci to as an unwashed oil bcidy preparatkn1, All othn 
pri~parnth)n.s ;'1:re w,tshed oH body pt<::para.t:irn-rn. Samples for ~u1.alysis bv SDS gd 
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\-V!l:h agH,:li:h:m. The ,,,,,,i,shed dtbody fraction was then r.Kov~rnd foJknying _<::{:ntrifogahon, 
1Na&K)d <}rice with ware1' and pr(,_p,i.red k,r SDS g:d ded:rophoresis. 

A.H of Hw s,nnples v"'ere dissdv{~d in SDS stnnple buffer and t.i:l!i'. :s,irn.plf.:s wet<2i 

an:alyzl~d by SDS gel iJkct:rGph,)resb. The resuHs Mi:'. shffwn i.n f\gun, 2. 

Th12, e:ffod nf w·ashing th~ oil body phase on ·water :rntentl<ni drn.rat:h~:ristks •. A 

w·asl:wd nil body pn!fki.ratiMt and an un\.vashi~d nH body phase were pr~pared from 

lhe uxn·vashiid dl b<.3i.iy phase and the ;,;,r,ihi::d. on blxly prepMafrm, SD mis of oil body 
10 pn"p;;1.rations wew lhon:mg:hly :mixe<l using a vortex. The preparnbons wer€ then im:ubat.:d 

for 2 hm.xrs in;"< v,1;~!:er bath at 40, 60 o:t 8CF'C and the :sam:p1,~:, ,.,,e:rn i:«~nt:rihig«'d ,~t 1,500 x g for 

a vmt,~x ;Jnd thi~n incubated. at 40, 60 or 80" C for 2 hmm, m,d the ammmt of wate.r present in 

15 the samples was d.ek,rmi.ned. fol.lowing -:1c'ntrifogat1on at 1,500 x g for 20 rninutes (diluted 

,m1oun.ts of ,..,,.at('.!' thrm1gh ev;;,porntio:n., The pn.,pari:lti.on of wn-vash(id. oil b(H:hf,t, losl: 26% of 

!fa:ir n:u:i.:,s, ,vhHe fhe Vli:\Shed pn:p;1ration lost 16%. Upon i.:·«,nt.rlfogahon the un.\;,-';:1shed 

At 4,0"C .. the undiltited sai11ples both u:,kasE.d .;,pproxim.ate.ly 2 i:nl of aqaei::rws 

ph.as~,. \Vhen the dlh1tfid sm:npks were compared, the unv-,,'ashed pn.:-prffahon absorbed 

to 60''C or 8(FC, water rnn1ai:ns rnorf: ti.ghtly as:sodat~,d. ~-v-tth tb:- oil body pr,;'parn.tion than 

in an 1.:!Jl"Nas.ht,d pn!parnHo.n, VVhen t(mkd d.:r,vn the washed c,il body pn:parntion 

appeared hi tK' more stnbk than the unwashed ernHhion., \Vhen heated to 40"C, th{: 
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lx>dy prepi:tratkm, a..•,d an um.,rasJwd ,::,H body phas{, \-<,'{ire prep,~n:~d frm:n rapes<;.<ed as in 
exmnpl!i'. 2.. To dd,~nnine the difference in nil absorptk,n capadly bet'Wt~en the 1:u-nv;3.shed 

d.i~,persed into 12 ml of refrned,. bkach{!d_, deodorized o'lnoh oil in a 50 ml tube, The 

contents vler,;., stirred for 30 S!:'.Conds ,;.~verv ;{ mhu1tes for 30 ~~,in, TI:1,~ tubes were tli{,n ... 

Ct~:nhifuged at 4.AOO rpm fot 2:5 min, The fre{~ i:,il vt1;:1$ d{:rnnted and the percei1t,ge rif 

t\bsm:bed nH WM, .,fok,n:nined by ·weight dlffoncrv::e, Three preparatlrn,s of wash{,d oil 

The oil. absorption capacity of unwashed. oil bodi~,s Vh1S frmnd tn vary 
sign:H'km:i.!:ly betv,',~(,n the three batch~i; and var:led frmn 18.71t to 28'%, Vilat,hed <:d bodie5 

'15 ah-,orpl:ion rn.:nn:n:.'<l in a more repn:sdudbk rna.nr,s::t\ 

f_~mn~hu~ 

25 

35 

preparation. A \Vash~!d. oi.1 body preparation \•vas prx,pared from rnpes{':ed as 1.~ examph~ 2 
and. a mayonnait1,""Hke emuh>fon v,nb prnduc:ed. by mixing the folfo;vi.ng corn:poni::~nts using a 

SunHower dl 78.gr 

liggyolk 8gr 

9gr 

Salt 05gt 

A prndtKl v,rith ,i mayon:nai,se-hkE, t,;.,xhi:ti:.! ,v,Js oht<1i.ned. The mayonnaise­
like prndun was 5tiJbk for at kast 1 tfay at 4''C 

body preparatii)n. was prnpaX{:d fwrn rnpeseed as in E:.m:npk 2 ,md a irmyomw.lse-Ek!~ 
emulsion. w.tis pto<lu,2t,d by r:nixing the follovving i.ngredit.'nts: 

Vinegar 

2(}:_) g;r 

100gi-
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\VO 9'8/53698 

A pn:,ciud with a mayoi:u:.aise-lih:i textmv \.Vil~ ,>blal.ned, Siru:e tlw 

rnayonnaise i~, puip,Hed without r:gg yolk., an ingredient rommonly employed in. 

pn~p,u·afo:m, A 'Ntislw·d nH body pri,:;•p,u:ation wa.~ pri~pars~d. fmm mpe:wed a.:s ui exam.pie 2 

and ;::. vi:nai:grNhAike 1~n1uision. ,·1ta::a prodw:~d. by manual mixing o-f the fo.lfo•,vi:ng 

lO n:,rnpnnen.ts, 

20 

Si.mfk,\-1;'<:.~r tiH 17.5 gr 

Mustard OA tV' 

A pnldud \·Vlth a vina:igrette--Hke text1..u-e ,·vas obtained. The dna:igrette• 

.!i.h1 p,rodnd W<t, stable for ,it lea$( S!:"viwil days at ,f" C 

3:0gr 
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SO gr 

50gr 

Milk lOOml,-1 L 

de:iired d:<i,pen.d.ing nn th, amount of milk 'Nhich fa added, Ad.ditiornll lhvo,ants also nw.y 

l:.K, add{!d. us riequir€& The <~h.si~tKe t..f hyd.r◊g"<mated faUy adds in this pro<l:ud giv€s it a...-. 
advantage over a. s;3.m'e prepm:1::d frorn. n)n:tmon ck,mestk rnargat11w, 

tvash.N.i oil body preparation fr-orn. ;1 trn,wgenk B. ni1pus ph3.ni \''lhich s::xprei,ses carp gnw/th 

horrnone (<:C:I·i) fused to ;.:ifoosin., v;herei11 H,~i fusion pri:1tdn w;:1s targeted to th-i, i:ii.l bodks, 

·wa:~ obtairn~d as :foHt>w,,. .A DNA fragnwnl ci:sntaining the cGH coding :H'gion hKking: ib 21 

C,'l.rp (Cyp-rnms carpio) gn:rwth h<Jr.mone eDN.A {Koren et aL, 1989., Gene 67: 3D9<H5} using­

tlw polymeraw dulin readion i.n con:ibi.nation ·with. tv,10 cGH s;w;:-:1fic primers, The 
ai:n.plki,?d <:GH fragment V,',lS frn,i~d in the cm:t'(id re,:l.ding frame a.nd. Y to fos:: Ambidop~is 

thalfrm11 o!eosir, using pOTh:wmb {van Rodj(:n,. 1993, PhD Thesis, Dniv,.,;rsity o:f Cdga:ry} 

fa pOTh:rnmb a w.'1:ron,hin de,:1vage site -;.vas engiri1ct.:red 3'. to the deosin coding s'"'qui:~nrn, Th,~ 

oleosin~CGH fusion g~ne was inl:rndnced int<.'1 th('. biliary vedot pCGN1559 (t.kBrids:: and 

tnmstom.1 A. ttmufaden::L The a.grnbactetimn ;;train v,,-as employed to tra:n.sfonn R twpus cv 
25 VVestar seedlings. Seeds fron:l h,3..nsgenk plants ,-vere ,;.)bta¾nid. and oil bodi% v;ere isoht~d 

fr<.nn trarl.i,gt>r,ic ~£ed ,w ,::,uttin<:c:d in (ix,u:nple 1. 

The oil hcidkts wimi s-..ibs<:;qu~n!Jy b:iken up in ,x i,yririg:e arid sprayed onto fish 

food using app:mxi.:rnatdy LS ~lg of oil brn:l.y protein per 1 m.g d Jish food, Tiit~ fish fomi 

SDS gel dic•d:rnphmesis npox'! hoihn.g in 1.5~,j_-, SDS, The pr~•simCi' of tht~ o:il bodies on the fish 
food was assessed usin.g \·Vestt~m blotting and xN)XK»:lonal antib)dies ,tgi,inst cGH, 

Judging by the i11hms:fry nf th,,.-, sig:nat of foe sini~-h~ ha:n.d obsm·ved i:n ea.ch 
35 lane mt Hie \,Vesti;;m blot_, the on bodies co:rnprising ,:CH nc':..rm.irncd tightly a~sodat'ed ivib.'1 

the fo;h food upt)!\ i:n.cub,th<m. of the oil bodies in water, Fish food which 'N,H, incuhahxi for 

30,, 45 o:r 60 mu:n .. tes in water i•rns shown to <:tmtai.n. approxii:natdy th{' sarn.~' atrwun!:s of cGH 
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This example d~monstrnte$ foat a trtff1.sgenk pkmt varii,:ty ra.,\ b,~ p:n,p,WHl 

,v'hich imparts spedfic d~~lrabfo prq::>i::i:ti€s !:ri a:n Nnubi(m, Tfo~ exam.pk forther 

de1nonstrates that an ernuhion ca:n be prep,:\red from a 'N.clshed oil body preparation which 

G:l:n be trn(~d as a c<:iatl:ng or hln:i., Finally_, this examp1i~ i:km:,onstrntet, that th<:., washed oH 

5 body preparation nv(y he (?mploy;;:d to fot:m.ulak ;;1 pliamm(),mtkal compt>sihon, 

Although certain prefon:tid e1r;budimen!s have he~n descriJ:,,,·,d ti:i Hh.1:s.Lw!:e 

the present inventim,, oth0r applkat:bns ·w'.hii:h ,:\ls() fall v,,ithi.n the sc,,pi;:, ()f the invention 

,-vm bl:' :r€adHy apparent to those of ordi:n;:1ry skill in tl,,~ art 
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5 

10 

:l5 

2.0 

is fornwd. 

A nwthod frn- preparing ,m ein,dsion fo:r:rn.ulabo:n compd.sing: 

(2) 

(2) 

obtaining vil bodks fo:n:n a c,~U; 

v,rnshing the oil b,idit:--s to ,:..--.btaln a w·asht~d oil body pn'JMr,lt:bn; 

and. 

(c} separn.Hng the oil body phase from. the ,,<p.mous phase_; 

'W<!S.hing the nil hrn:ly phase to yk,k! a \V.~shed oil body 

pr~prirntfon,: and 

(J) fornwlati:n.g the \,',,'ashed oil body pn'paration in!:o an emulsion. 
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12, 

5 gr<n:ip of pktnb comisting cif ra_p,~:w~d (Bnwskn spp.) .. s0yberm {Glydrw max), snnl'kit-<,'N' 

{l-idhmihws annuus},. oil palm (Efods guintefa), <:oth:ms,~ed (Gos;;ypium spp.) .. gn:,m,<lnut 

{ltta.,ehi's hypogae,~ )., co(:01Tut (C:Dcus ni~·c·i_.fr~J·a )..- castor {.R-fchtHS tottnnu.n.is)~ saffh~~,vi:;r 

15 

20 

25 

13. A n.,dhod aix:ording to daim 

essentially fn~t3 d non•oil body seed proteins .. ;;1nhnt~trihnnal cm-1.,pounds, starch, 

gh.Kosknilate:, or breakdo·wn prodi.Kts thi~t"(:Of,. and fibt\~S. 

16. 

glycosyhi.l:ed. 

A method ,Kcording to a:ny o:n<:.i <)t claims 1 to 16 in vihich sidd emuls:h>n: fa ;1 

].<)_ 

phas;~ prim to grinding for frorn upprn:.:imatdy 15 n,inutes to apprnxhl,,rtely 2 tlay-s, 

20, 
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PCT/C A98/!}0523 

23. 

5 a _pfont, 

seledt~d .fr,:.n1: th1c'. group consisting 1..,f a non-dairy substihil:i~s, a non-dairy chi::i(~se, a non­

ckd:ry yoghurt, a rnargarine, a i:nayonnaise,. a vi:naigreth•, ,~n icing_, ice o-b1ms., a salad 

fish food, 
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WO 98/53698 PCT/CA9S!l)fl523 

5 grtwdh hormone, 

polh;h ,.tnd an ag:roch{,m:k,J fon:nulatio:n. 

:lO 

20 or a. fish f(xxL 

25 

a building or roa.d. ,:·oristrw:tion mate:da.l, an ink a dy~.- a ,.vax .. a polish and an agrcidwmka.l 
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\VO 98/53698 P(:T/CA98/00513 

ch:i.im.t; 20 to 25. 
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1/2 
FIGURE 1 

i>CT/CA98/005:B 
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~/2 
FIGURE 2 

SUBSTITUTE SHEET {RULE 26} 
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ENHANCEMENT OF CELL GROWTH BY EXPRESSION 

OF CLONED OXYGEN-BINDING PROTEINS 

The United States Government has rights in this 

invention pursuant to Grant No. BCS-8805636 from the 

5 National Science Foundation. 

This is a continuation-in-part of Ser. No. 07/887169, 

filed May 20, 1992, which is a continuation-in-part 

of Serial No. 07/741,789, filed August 6, 1991, which 

is a continuation of Serial No. 342,451, filed 

10 October 21, 1988, now U.S. 5,049,493, which is a 

continuation-in-part of Serial No. 151,256, filed 

February 28, 1988, abandoned, and of Serial 

No. 113,014, filed October 23, 1987, abandoned, all 

of which are incorporated by reference herein. 

15 TECHNICAL FIELD 

This invention relates to the production of oxygen­

binding proteins, particularly members of the globin 

family, and to enhancement of the growth and product 

synthesis characteristics of aerobic organisms in 

20 environments with sufficient as well as reduced or 

low levels of oxygen. 

This invention relates generally ta the use of 

recombinant DNA technology to direct or otherwise 

control gene expression in cultured cells, and more 

25 particularly, to methods and materials useful in 

subjecting the transcription and translation of DNA 
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sequences to selective regulation by external 

control. 

BACKGROUND ART 

The present invention is directed toward the 

5 expression and use of oxygen-binding proteins, 

including, but not limited to, the evolutionary­

related globin superfamily: hemoglobins (found in 

many eukaryotic organisms); leghemoglobins (found in 

many plants); myoglobins (found mainly in animal 

10 muscle tissue); and microbial globins such as 

Vitreoscilla hemoglobin; h coli hmp (a 

flavohemoglobin), and yeast flavohernoglobin. Other 

oxygen-binding hernoproteins include cytochrome C 

reductase, cytochrome c oxidase, and kinase in the 

15 oxygen sensor of Rhizobium meliloti. Additional 

oxygen-binding proteins which function in the 

transport of oxygen in invertebrates include 

hemocyanins and hemerythrins. The existence of 

Vitreoscilla hemoglobin, h coli hmp (Mel. Gen. 

20 Genet. 226: 49-58, 1991) and yeast flaxohemoglobin 

(F.A.S.E.B. J. 6: A318, 1992), incorporated herein by 

reference, suggests that globin-like oxygen-binding 

proteins may also be distributed in microrganisms. 

Such endogenous, homologous globins may also be 

25 utilized in accordance with the present invention, 

providing the added advantage of expressing a globin 

from a gene homologous to the desired host organism. 

By reversibly binding to oxygen in the presence of 

high oxygen concentrations and releasing it in 

30 regions or at times of low concentrations, these 

oxygen-binding proteins can considerably enhance the 

oxygen uptake rate of multicellular organism over 

that allowed by mere passive diffusion. In 

unicellular organisms it is generally believed 

35 that the oxygen uptake rate is principally limited by 
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the rate of transfer of dissolved oxygen in the 

environment or growth medium to the exterior cell 

surface. However, closer examination of cell 

structure reveals several potential diffusional 

barriers between environmental oxygen and the 

cytochromes where the oxygen finally undergoes 

reaction. For example, in gram negative bacteria, 

where the cytochromes are attached to the inside of 

the plasma membrane, the diffusing oxygen needs to 

10 cross transport barriers such as the cell wall, the 

outer membrane, the periplasmic space and the inner 

membrane before accepting electrons from metabolic 

reactions. In unicellular eucaryotes, where 

oxidative phosphorylation takes place in the 

15 mitochondria, there are further diffusional 

resistances. Small neutral molecules like oxygen are 

assumed to passively diffuse across these barriers; 

however, these barriers make a non-trivial 

contribution to the overall resistance to mass 

20 transfer to the actual reaction site and thus could 

be of significance under conditions of low oxygen or 

oxygen limitation. 

Physiological effects on growth due to depletion in 

dissolved oxygen levels has been demonstrated in the 

25 case of several organisms, including Escherichia 

coli, Saccharomyces cerevisiae, Pseudomonas strains, 

and Alcaligenes eutrophus. In E.coli for example, 

which has a very high affinity cytochrome, changes in 

dissolved oxygen tension leads to differential 

30 regulation of terminal oxidases, resulting in a 

decrease in the number of protons expelled per NADH 

molecule oxidized during aerobic respiration and, 

consequently, a possible adverse change in the 

stoichiometry of ATP biosynthesis. (Kranz et al., 

35 Journal of Bacteriology 158:1191-1194, 1984; Ingraham 

et al., Growth of the bacterial cell, Sinauer 
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Associates, Inc. 1983, p. 147, both specifically 

incorporated herein.} 

In addition to the respiratory oxygen requirement of 

aerobic organisms, oxygen-binding proteins have other 

5 potential applications as well, including, for 

example, the enhancement of particular oxidative 

transformations such as steroid conversions, vinegar 

production, biological waste treatment or enzymatic 

degradations, and in some steps in brewing or making 

10 distilled and fermented foods and beverages. 

The filamentous bacterium, Vitreoscilla, a member of 

the Beggiatoa family, is a strict aerobe that is 

found in oxygen-poor environments such as stagnant 

ponds and decaying vegetable matter. Growth of the 

15 bacterium under hypoxic conditions results in a 

several-fold induction of synthesis of a homodimeric 

soluble heme protein (subunit MW 15,775) (Beerman et 

al., control of heme content in Vitreoscilla by 

oxygen, Journal of General Applied Microbiology 

20 28:35-42, 1982) which has a remarkable spectral 

(Webster, et al., Reduced nicotinamide adenine 

dinucleotide cytochrome o reductase associated with 

cytochrome o purified from Vitreoscilla, Journal of 

Biological Chemistry 249:4257-4260, 1974), structural 

25 (Wakabayashi, et at., Primary sequences of a dimeric 

bacterial hemoglobin from Vitreoscilla, Nature 

322:481-483, 1986), and kinetic (Orii, et al., 

Photodissociation of oxygenated cytochrome o(s) 

{Vitreoscilla) and kinetic studies of reassociation, 

30 Journal of Biological Chemistry 261:2978-2986, 1986) 

homology with eucaryotic hemoglobins, and which is 

probably a true bacterial hemoglobin. 

This protein was previously thought to be a 

cytochrome o, and it has been suggested to function 
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in oxygen storage. However, biochemical discre­

pancies (Webster, et al., oxygenated cytochrome o, 

Journal of Biological Chemistry 252:1834-1836, 1977) 

as well as the subsequent discovery of the true 

5 membrane-bound cytochromes o and d (DeMaio, et al., 

Spectral evidence for the existence of a second 

cytochrome o in whole cells of Vitreoscilla, Journal 

of Biological Chemistry 258:13768-13771, 1983; 

Webster et al., Federation Proceeding 44:678, 1985) 

10 led to further investigations of its spectral 

properties {Choe et al., Oxygenated intermediate and 

carbonyl species of cytochrome o (Vitreoscilla), 

Journal of Biological Chemistry 257: 865-869, 1982; 

Orii et al., supra.) and the eventual determination 

15 of its probable amino acid sequences and partial 

homology with known hemoglobin sequences (23). 

Although these articles disclose the conservation of 

most features characteristic of eukaryotic 

hemoglobins, and discuss, to some extent, the role or 

20 potential role it probably plays in oxygen 

utilization, it is not believed to have been 

suggested by others that there is any benefit from 

the introduction of a bacterial hemoglobin or other 

oxygen-binding proteins in heterologous organisms. 

25 Moreover, it is believed that there has been no 

suggestion that such oxygen-binding proteins would 

have a far-reaching range of applications. 

surprisingly, the present inventors have discovered 

that oxygen-binding proteins are useful in enhancing 

30 oxygen supply to cells or in other oxygen-utilizing 

processes, and for binding and separating oxygen from 

other fluids or gases. Furthermore, the oxygen­

binding proteins are capable of increasing production 

of cells, or of proteins or metabolites normally made 

35 by a cell, or of natural or unnatural metabolites and 
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proteins expressed in a cell via genetic 

manipulation. These proteins are also useful as 

selective markers in recombinant-DNA work, and have 

applications as diverse as enhancing certain oxygen-

s requiring steps in fermentation, enzymatic 

degradation, toxic chemical waste treatment, brewing, 

and particular oxidative reactions and 

transformations. 

A preferred method of expressing these proteins in 

10 bacteria is to use the promoter/regulator sequence of 

V. hemoglobin of control expression of the homologous 

oxygen-binding protein. The DNA sequences which 

usually precede a gene in a DNA polymer and which 

provide a site for initiation of the transcription of 

15 that gene into mRNA. These are referred to as 

"promoter" sequences. Other DNA or RNA sequences, 

also usually but not necessarily "upstream" of a 

structural gene, bind proteins that determine the 

frequency or rate of transcription and/or translation 

20 initiation. These other sequences, including 

attenuators, enhancers, operators and the like, are 

referred to as "regulator" sequences. Thus, 

sequences which operate to determine whether the 

transcription and eventual expression of a gene will 

25 take place are collectively referred to as 

"promoter/regulator" DNA sequences. 

The lactose ("lac") promoter/operator systems have 

also been commonly used, for they are very 

controllable through the mode of action of the 

30 operator. When the operator is repressed, the DNA 

dependent RNA polymerase is completely prevented from 

binding and initiating transcription, thus 

effectively blocking promoter operability. This 

system can be derepressed by induction following the 

35 addition of a known inducer, such as isopropyl-beta-
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D-thiogalactoside (IPTG). The inducer causes the 

repressor protein to fall awt.·., so the RNA polymerase 

can function. 

Cells transformed with plasmids carrying the lac 

5 promoter/operator system can be permitted to grow up 

to maximal density while in the repressed state 

through the omission of an inducer, such as IPTG, 

from the media. When a high level of cell density is 

achieved, the system can be derepressed by addition 

10 of inducer. The promoter is then free to initiate 

transcription and thus obtain expression of the gene 

products at yields commensurate with the promoter 

strength. However, certain of these inducible 

promoter systems are relatively weak and commercial 

15 or research productions using such systems do not 

urge the cell to generate maximum output. 

In response to the need for microbial expression 

vehicles capable of producing desired products in 

higher yield, the tryptophan ("trp") 

20 promoter/operator system has become widely used. 

This system is one of several known systems with at 

least three times the strength of the lac promoter. 

However, it has the disadvantage of less promoter 

control. The trp promoter is not inducible in the 

25 way the lac promoter is, namely, the bound repressor 

is not removed by induction. Instead, the system 

operates on a sort of feedback loop as described 

above. A system was devised whereby the attenuator 

region of the trp promoter/operator system was 

30 removed, with the resultant transformed cells being 

grown in tryptophan-rich media. This provided 

sufficient tryptophan to essentially completely 

repress the operator so that cell growth could 

proceed uninhibited by premature expression of any 

35 desired foreign proteins. When the culture reached 
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appropriate growth levels, no additional tryptophan 

was supplied, resulting in mild tryptophan 

limitation, and, accordingly, derepression of the 

promoter with resultant expression of the desired 

5 protein gene insert. In application, this system has 

several disadvantages. For example; it is necessary 

to maintain high levels of tryptophan in the growth 

media to completely repress the promoter, and to 

permit the medium to become completely exhausted of 

10 tryptophan following full growth of the culture. 

A hybrid system has been developed from the 

tryptophan and lactose promoter, wherein both 

promoters can be repressed by the lac repressor and 

both can be derepressed with IPTG. See De Boer et 

15 al., The tac promoter: A functional hybrid derived 

from the trp and lac promoters, Proc. Natl. Acad. 

Sci. USA, 80: 21-25, 1983. This system shares a 

disadvantage with the two discussed above, namely the 

required introduction of additional agents to a 

20 normal growth medium. 

Another regulator/promoter system commonly used for 

expression of cloned proteins in E.coli is based on 

the PL promoter system from phage lambda. See 

Bernard and Helsinki, Methods in Enzymology, 68:482-

25 492, 1979; Use of Lambda Phage Promoter PL to Promote 

Gene Expression In Hybrid Plasmid Cloning Vehicles. 

Induction of this promoter requires increase of 

culture temperature from 30°C to 42°C. This system 

has the disadvantages of suboptimal growth rates at 

30 30°C prior to induction and upsetting of cell 

metabolism by the temperature shift. Temperature 

shift effects on metabolism are discussed, for 

example, by Neidhart, et. al., The Genetics And 

Regulation Of Heat-Shock Proteins, Annual Reviews of 

35 Genetics, 18:295-329, 1984. 
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The promoter systems described above are thus useful 

for expression of proteins of the globin family. 

DISCLOSURE OF THE INVENTION 

The present invention relates to the expression and 

use of oxygen-binding proteins, particularly 

hemoglobins, recombinant-DNA methods of producing 

same, and to portable DNA sequences capable of 

directing intracellular production of these oxygen­

binding proteins. 

10 The present invention provides novel methods and 

materials for subjecting DNA sequences of living 

microorganisms to external regulation which is 

dependent upon availability of oxygen in the 

environment. Particularly, it relates to 

15 promoter/regulators, a recombinant~DNA method of 

producing same, and to portable DNA sequences capable 

of directing the translation and transcription 

initiation and control of the expression of desired 

gene products. 

20 Thus, another object of the present invention is 

provide for the control of expression of any selected 

chromosomal or extrachromosomal gene or DNA sequence 

through the incorporation of a promoter/regulator DNA 

sequence which is functionally responsive to 

25 environmental variations in the concentration of 

oxygen. The invention is thus broadly applicable to 

a variety of aerobic or slightly aerobic procedures 

for controlling genetic processes, ranging from the 

alteration of existing regulation of endogenous genes 

30 in prokaryotic and eucaryotic cells to securing 

selective, differential regulation of expression of 

selected exogenous or foreign genes stably 

incorporated in host cells. 
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Additional objects and advantages of the invention 

will be set forth in part in the description which 

follows, and in part will be obvious from the 

description or may be learned from practice of the 

5 invention. The objects and advantages may be 

realized and attained by means of the 

instrumentalities and combination particularly 

pointed out in the appended claims. 

To achieve the objects and in accordance with the 

10 purposes of the present invention, oxygen-binding 

proteins are set forth which are capable of 

stoichiometric reaction with oxygen. To further 

achieve the objects and in accordance with the 

purposes of the present invention, as embodied and 

15 broadly described herein, portable DNA sequences 

coding for hemoglobin proteins are provided. 

Particularly preferred for expression in bacteria, 

portable sequences are provided which code for the 

hemoglobin of the filamentous bacterium Vitreoscilla. 

20 These sequences comprise nucleotide sequences capable 

of directing intracellular production of oxygen­

binding proteins. The portable sequences may be 

either synthetic sequences or restriction fragments 

("natural" DNA sequences). 

25 To facilitate identification and isolation of natural 

DNA sequences for use in the present invention, the 

inventors have developed a Vitreoscilla genomic 

library. This library contains the genetic 

information capable of directing a cell to synthesize 

30 the hemoglobin of the present invention. Other 

natural DNA sequences which may be used in the 

recombinant DNA methods set forth herein may be 

isolated from other genomic libraries. 
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Additionally, portable DNA sequences useful in the 

processes of the present invention may be 

synthetically created. These synthetic DNA sequences 

may be prepared by polynucleotide synthesis and 

5 sequencing techniques known to those of ordinary 

skill in the art. 

Additionally, to achieve the objects and in 

accordance with the purposes of the present 

invention, a recombinant-DNA method is disclosed 

10 which results in manufacture by a host cell or 

microorganism of the instant oxygen-binding proteins 

using the portable DNA sequences referred to above. 

This recombinant-DNA method comprises: 

(a) preparing a portable DNA sequence 

15 capable of directing a host cell to produce a protein 

having oxygen-binding activity, including hemoglobin 

activity; 

(b) cloning the portable DNA sequence 

directly into a host cell, or into a vector 

20 capable of being transferred into and replicating 

in a host cell, such vector containing operational 

elements for the portable DNA sequence; 

(c) transferring the vector, if one is used, 

containing the portable DNA sequence and 

25 operational elements into a host cell capable of 

expressing the oxygen-binding protein; and 

30 

(d) culturing the host cell under conditions 

appropriate for replication and propagation of the 

vector and expression of the protein; and 

(e) in either order: 

(i) harvesting the protein; and 
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(ii)permitting the protein to assume an 

active structure whereby it possesses 

oxygen-binding activity. 

Additionally, to achieve the objects and in 

5 accordance with the purposes of the present 

invention, recombinant-DNA methods are disclosed 

which subject to external control the translation and 

transcription of gene products by a host cell or 

microorganism using the portable DNA sequences 

10 referred to above. 

Processes of the invention include methods for 

subjecting the expression of a selected DNA sequence 

in a living cell or virus to regulation by oxygen 

level through the site-specific insertion of 

15 promoter/regulator DNA sequences responsive thereto. 

Also disclosed are improvements in prior methods for 

securing expression of a selected "foreign" or 

exogenous sequence in a host microorganism wherein 

the DNA sequence is stably incorporated as 

20 chromosomal or extrachromosomal constituent of the 

host. Such improvements comprise fusing to the 

selected DNA sequence a promoter/regulator DNA 

sequence capable of selectively promoting or 

inhibiting expression of the selected DNA in response 

25 to variations in environmental concentration of 

oxygen. 

To further accomplish the objects and in further 

accord with the purposes of the present invention, 

cloning vectors are provided comprising at least one 

30 portable DNA sequence. In particular, plasmid 

pUC19/pRED2 is disclosed. 

It is understood that both the foregoing general 

description and the following detailed description 
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are exemplary and explanatory only and are not 

restrictive of the invention, as claimed. 

The accompanying drawing, which is incorporated in 

and constitutes a part of this specification, 

5 illustrates one embodiment of the invention and, 

together with the description, serves to explain the 

principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partial restriction map of the plasmid 

10 pUC19/pRED2. 

Figs. 2a and 2b are partial restriction maps of 

plasmids pWLD 5 and pWLD 10, respectively. 

Fig. 3 is a partial restriction map of plasmid pBHb3. 

Figs. 4A, B, and c and 5A, B, and c show the total 

15 cell number, total t-PA and t-PA produced/106 cells 

according to Example 18. 

Fig. 6 is a partial restriction map of plasmid pMSG. 

Fig. 7 is a graph of results described in Example 37. 

BEST MODES FOR CARRYING OUT THE INVENTION 

20 Reference will now be made in detail to the presently 

preferred embodiments of the invention, which, 

together with the drawings and the following 

examples, serve to explain the principles of the 

invention. 

25 It must be understood that the present inventors have 

prepared oxygen-binding proteins in culture by 

recombinant DNA methods. While some methods for the 

production and use of these recombinant products are 
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described below, the end use of these products alone 

is within the scope of the present invention. 

As noted above, the present invention relates in part 

to portable DNA sequences capable of directing 

5 intracellular production of oxygen-binding proteins 

in a variety of host cells and host microorganisms. 

"Portable DNA sequence" in this context is intended 

to refer either to a synthetically produced 

nucleotide sequence or to a restriction fragment of a 

10 naturally occurring DNA sequence. For purposes of 

this specification, "oxygen-binding protein" is 

intended to mean a protein with a primary structure 

as defined by the codons present in the 

deoxyribonucleic acid sequence which directs 

15 intracellular production of the amino acid sequence, 

and which may or may not include post-translational 

modifications. It is contemplated that such post­

translational modifications include, for example, 

association with a heme prosthetic group. It is 

20 further intended that the term "oxygen-binding 

protein" refers to either the form of the protein as 

would be excreted from a cell or as it may be present 

in the cell from which it was not excreted. 

In a preferred embodiment, the portable DNA sequences 

25 are capable of directing intracellular production of 

hemoglobin. In a particularly preferred embodiment, 

the portable DNA sequences are capable of directing 

intracellular production of a hemoglobin biologically 

equivalent to that previously isolated from the 

30 filamentous bacterium, Vitreoscilla. By 

"biologically equivalent", as used herein, it is 

meant that a protein, produced using a portable DNA 

sequence of the present invention, is capable of 

binding oxygen in the same fashion, but not 

35 necessarily to the same degree, as the homodimeric 
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soluble heme protein (subunit MW 15,775) isolable 

from Vitreoscilla. 

As noted above, the present invention also relates in 

part to portable DNA sequences which contain 

5 promoter/regulators which are capable of directing 

intracellular expression of endogenous or exogenous 

gene products, in a variety of host cells and host 

microorganisms. "Portable DNA sequence" and 

"promoter/regulator" in this context are intended to 

10 refer either to a synthetically produced nucleotide 

sequence or to a restriction fragment of a naturally 

occurring DNA sequence. 

The portable DNA sequences of the present invention 

may also include DNA sequences downstream from a 

15 promoter/regulator which code for at least one 

foreign protein. For purposes of this specification, 

"foreign protein" is intended to mean a protein with 

a primary structure as defined by the codons present 

in the deoxyribonucleic acid sequence which directs 

20 intracellular production of the corresponding amino 

acid sequence, and which may or may not include post­

translational modifications. It is further intended 

that the term "foreign protein" refers to either the 

form of the protein as it would be excreted from a 

25 cell or as it may be present in the cell from which 

it was not excreted. The foreign proteins include 

oxygen-binding proteins such as hemoglobins, 

leghemoglobins, myoglobins, hemoproteins, 

hemocyanias, hemerythrins and the like. 

30 In a particularly preferred embodiment, the 

promoter/regulator contains transcription and 

translation initiation and control sequences 

substantially equivalent to those for directing 

intracellular production of a hemoglobin protein 
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biologically equivalent to that previously isolated 

from the filamentous bacterium, Vitreoscilla. By 

"substantially equivalent", as used herein, is meant 

that a promoter/regulator operates to express a 

5 downstream gene product upon reduction of the level 

of oxygen available to the host cell below some 

critical value. 

It is of course intended that the promoter/regulators 

of the present invention may control and initiate 

10 transcription and translation of an unlimited number 

of endogenous and/or exogenous foreign proteins. 

A first preferred portable DNA sequence for the 

promoter/regulators of the present invention contains 

at least a portion of SEQUENCE ID No. 1, a nucleotide 

15 sequence, which reads 5 1 to 3' and includes the 

translation initiation sequence ATG and some of the 

nucleotide sequence of the Vitreoscilla structural 

gene 

The SEQUENCE ID No. 1 exhibits homology with certain 

20 sequences which are highly conserved in a variety of 

promoter/regulators. 

with the underlining 

SEQUENCE ID No. 1 to 

Using conventional numbering, 

showing the homology in the 

the consensus sequence, the -10 

consensus sequence or Pribnow box sequence is 

25 TATAAT(A/G). The -35 consensus sequence is TTGACA, 

and the consensus Shine-Dalgarno sequence is 

AGGAGGTXXX(XX)ATG. 

In a preferred embodiment, the SEQUENCE ID No. 1 is 

operatively fused with at least a portion of a 

30 downstream sequence of nucleotides which code for at 

least a portion of the Vitreoscilla hemoglobin 

protein which contains at least a portion of the 

amino acid sequence of SEQUENCE ID No. 2 
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The SEQUENCE ID No. 2 is disclosed in Wakabayashi et 

al., supra, Nature 322:483, 1986. It is presently 

believed that the protein purified and prepared 

through the practice of this invention will exhibit a 

5 homology of over 80% with this sequence. The protein 

of this invention has been observed to enhance 

functioning of a cell in low oxygen environments. 

It must be borne in mind in the practice of the 

present invention that the alteration of some amino 

10 acids in a protein sequence may not affect the 

fundamental properties of the protein. Therefore, it 

is also contemplated that other portable DNA 

sequences, both those capable of directing 

intracellular production of identical amino acid 

15 sequences and those capable of directing 

intracellular production of analogous amino acid 

sequences which also possess oxygen-binding activity, 

are included within the ambit of the present 

invention. 

20 It must also be borne in mind in the practice of the 

present invention that the alteration of some 

nucleotide bases in a DNA sequence may not affect the 

fundamental properties of the coding sequence. 

Therefore, it is also contemplated that other 

25 analogous portable DNA promoter/regulator sequences 

which are operable through changes in oxygen level 

are included within the ambit of the present 

invention. 

It is contemplated that some of these analogous amino 

30 acid sequences will be substantially homologous to 

native Vitreoscilla hemoglobin while other amino acid 

sequences, capable of functioning as oxygen-binding 

proteins, will not exhibit substantial homology to 

native Vitreoscilla hemoglobin. By "substantial 
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homology" as used herein, is meant a degree of 

homology to native Vitreoscilla hemoglobin in excess 

of 50%, preferably in excess of 80%. 

similarly, it is contemplated that some of these 

5 analogous DNA sequences will be substantially 

homologous to the sequence set forth above, while 

other DNA sequences, capable of functioning as the 

promoter/regulator described above, will not exhibit 

substantial homology to the sequence outlined above. 

10 As noted above, the portable DNA sequences of the 

present invention may be synthetically created, by 

hand or with automated apparatus. It is believed 

that the means for synthetic creation of these 

polynucleotide sequences are generally known to one 

15 of ordinary skill in the art, particularly in light 

of the teachings contained herein. As examples of the 

current state of the art relating tc polynucleotide 

synthesis, one is directed to Maniatis et al., 

Molecular Cloning--A Laboratory Manual, Cold Spring 

20 Harbor Laboratory (1984), and Horvath et al. An 

Automated DNA synthesizer Employing Deoxynucleoside 

3 1 -Phosohoramidites, Methods in Enzymology 154:313-

326, 1987, hereby incorporated by reference. 

Additionally, the portable DNA sequence may be a 

25 fragment of a natural sequence, i.e., a fragment of a 

polynucleotide which occurred in nature and which has 

been cloned and expressed for the first time by the 

present inventors. In one embodiment, the portable 

DNA sequence is a restriction fragment isolated from 

30 a genomic library. In this preferred embodiment, the 

genomic library is created from the bacterium 

Vitreoscilla. In other alternative embodiments, the 

portable DNA sequence is isolated from other genomic 

and cDNA libraries. 
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While it is envisioned that the portable DNA 

sequences of this invention may desirably be inserted 

directly into the host chromosome, the present 

invention also provides a series of vectors, each 

5 containing at least one of the portable DNA sequences 

described herein. It is contemplated that additional 

copies of the portable DNA sequence may be included 

in a single vector to increase a host cell's ability 

to produce large quantities of the desired oxygen-

10 binding protein. It is also envisioned that other 

desirable DNA sequences may also be included in the 

vectors of this invention. Further, the invention 

may be practiced through the use of multiple vectors, 

with additional copies of at least one of the 

15 portable DNA sequences of this invention and perhaps 

other desirable DNA sequences. 

In addition, the cloning vectors within the scope of 

the present invention may contain supplemental 

nucleotide sequences preceding or subsequent to the 

20 portable promoter/regulator and/or DNA sequence. 

These supplemental sequences are those that will not 

adversely interfere with transcription of the 

portable promoter/regulator and/or any fused DNA 

sequence and will, in some instances, enhance 

25 transcription, translation, posttranslational 

processing, or the ability of the primary amino acid 

structure of the resultant gene product to assume an 

active form. 

A preferred vector of the present invention is set 

30 forth in Figure 1. This vector, pUC19/pRED2, 

contains the preferred nucleotide sequence which 

codes for the amino acids set forth above. Vector 

pUC19/pRED2 cells are on deposit in the American Type 

Culture Collection ("ATCC") in Rockville, Maryland 

35 under Accession No. 67536. 
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A preferred nucleotide sequence encoding the 

Vitreoscilla hemoglobin protein and adjacent 

Vitreoscilla sequences described above is identified 

in Figure 1 as region A. The above nucleotide 

5 sequence reads counter-clockwise through region A of 

Figure 1. Plasmid pUC19/pRED2 may also contain 

supplemental nucleotide sequences preceding and 

subsequent to the preferred DNA sequence in region A, 

such as terminators, enhancers, attenuators and the 

10 like. For proteins to be exported from the 

intracellular space, at least one leader sequence and 

any other DNA sequences necessary or preferred for 

appropriate transcription and subsequent translation 

of the vector DNA may be included within the scope of 

15 this invention. 

In a preferred embodiment, cloning vectors containing 

and capable of expressing the portable DNA sequence 

of the present invention contain various operational 

elements in addition to or instead of the 

20 promoter/regulator disclosed and claimed herein. 

These "operational elements" may include at least one 

promoter, at least one sequence that acts as 

expression regulator, and at least one terminator 

codon, at least one leader sequence, and any other 

25 DNA sequences necessary or preferred for appropriate 

transcription and subsequent translation of the 

vector DNA. 

Additional embodiments of the present invention are 

envisioned as employing other known or currently 

30 undiscovered vectors which would contain one or more 

of the portable DNA sequences described herein. In 

particular, it is preferred that these vectors have 

some or all of the following characteristics: (1) 

possess a minimal number of host-organism sequences; 

35 (2) be stable in the desired host; (3) be capable of 
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being present in a high copy number in the desired 

host; (4) possess a regulatable promoter; and (5) 

have at least one DNA sequence coding for a 

selectable trait present on a portion of the plasmid 

5 separate from that where the portable DNA sequence 

will be inserted. Alteration of vectors to meet the 

above criteria are easily performed by those of 

ordinary skill in the art in light of the available 

literature and the teachings herein. It is to be 

10 understood that additional cloning vectors may now 

exist or will be discovered which have the above­

identified properties and are therefore suitable for 

use in the present invention and these vectors are 

also contemplated as being within the scope of this 

15 invention. 

As set forth in Example 1, an E.coli vector system 

is a preferred embodiment. Various cloning vehicles 

are required for the range of host cells and 

organisms suitable for insertion of the portable DNA 

20 sequences of the present invention, as set forth 

below. In light of the available literature, choice 

of such a cloning vehicle, if necessary, is within 

the ordinary skill in the art. 

Additional bacterial hosts are suitable, including, 

25 without limitation: bacteria such as members of the 

genera Bacillus, Pseudomonas, Alcaligenes, 

Streptococcus, Lactobacillus, Methylophilus, 

Xanthomonas, Corynebacterium. Brevibacterium, 

Acetobacter, and Strepotornyces. 

30 Examples of suitable eucaryotic host microorganisms 

would include fungi, yeasts such as Saccharomyces and 

Candida, and molds such as Aspergillus, Pennicillium, 

Trichederma and Cephalosporium (Acremonium). 
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It is envisioned that the scope of this invention 

would cover expression systems in eucaryotic 

microorganisms and host cultured cells derived from 

multicellular organisms, including animals, insects 

5 and plants, which are grown in the presence of 

oxygen. The promoter/regulator of the present 

invention is especially useful in a host which 

switches from low to very high expression activity 

upon reduction of dissolved oxygen concentration in 

10 the medium. such expression systems need not be 

derived from Vitreoscilla. 

Various vector systems will be suitable for these and 

other desirable hosts, including plasmids, viruses 

and bacteriophages. The following, noninclusive list 

15 of cloning vectors is believed to set forth vectors 

which can easily be altered to meet the above 

criteria and are therefore preferred for use in the 

present invention. Such alterations are easily 

performed by those of ordinary skill in the art in 

20 light of the available literature and the teaching 

herein. 

For example, many selectable cloning vectors have 

been characterized for use in E.coli, including 

pUCB, pUC9, pBR322, pGW7, placiq, and pDPB, Maniatis 

25 et al., supra. A bifunctional vector that replicates 

in E.coli and can also be used in Streptomyces is 

pKC462a. Suitable vectors for use in Bacillus 

include: pUBllO, pSAOSOl, pSA2100, pBD6, pBD8, and 

pT127, Ganesan and Hock, eds., Genetics and 

30 Biotechnology of Bacilli, Academic Press 1984. In 

Pseudomonas, RSF1010, Pms149, pXT209, and RK2 are 

suitable; some of these vectors are useful in a wide 

range of gram-negative bacteria including 

Agrobacterium and Xanthomonas. For Saccharomyces, it 

35 is possible to use YEp24, Yip5, and YRp17, Botstein 
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and Davis, Molecular Biology of the Yeast 

Saccharomyces (Strathern et al., eds), Cold Spring 

Harbor Laboratory, 1982. In mammalian systems 

retrovirus vectors such as those derived from SV40 

5 are typically used. 

Synthesis and/or isolation of necessary and desired 

component parts of cloning vectors, and their 

assembly is believed to be within the duties and 

tasks performed by those with ordinary skill in the 

10 art and, as such, are capable of being performed 

without undue experimentation. 

In construction of the cloning vectors of the present 

invention, it should additionally be noted that 

multiple copies of the promoter/regulator with any 

15 fused gene sequences and/or of the portable DNA 

sequence coding for the oxygen-binding protein and 

its attendant operational elements as necessary may 

be inserted into each vector. In such an embodiment, 

the host organism would produce greater amounts per 

20 vector of the desired oxygen-binding protein. The 

number of multiple copies of the DNA sequence which 

may be inserted into the vector is limited only by 

the ability of the resultant vector, due to its size, 

to be transferred into and replicated and expressed 

25 in an appropriate host. 

Additionally, it is preferred that the cloning vector 

contain a selectable marker, such as a drug 

resistance marker or other marker which causes 

expression of a selectable trait by the host. In a 

30 particularly preferred embodiment of the present 

invention, the gene for ampicillin resistance is 

included in vector pUC19/pRED2. such a drug 

resistance or other selectable marker is intended in 

part to facilitate in the selection of transformants. 
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Additionally, the presence of such a selectable 

marker on the cloning vector may be of use in keeping 

contaminating microorganisms from multiplying in the 

culture medium. In this embodiment, such a pure 

5 culture of the transformed host organisms would be 

obtained by culturing the organisms under conditions 

which require the induced phenotype for survival. 

It is noted that the portable DNA sequence of the 

present invention may themselves be used as a 

10 selectable marker, in that they provide enhanced 

growth characteristics in low oxygen circumstances, 

and also engender an easily visible reddish tint in 

the host cells. 

The promoter/regulators of this invention are capable 

15 of controlling expression of proteins or, thereby, of 

controlling synthesis of metabolites normally made by 

a cell, or of natural or unnatural metabolites and 

proteins expressed in a cell via genetic 

manipulation. This would include heterologous 

20 proteins--either intracellular or extracellular--as 

well as biopolymers such as polysaccharide materials, 

simpler metabolites such as amino acids and 

nucleotides, antibiotics and other chemicals produced 

by living cells or cellular biocatalysts. 

25 The oxygen-binding proteins of the present invention, 

prepared by the recombinant-DNA methods set forth 

herein, will enable increased research into the 

growth of organisms in oxygen-poor environments. In 

addition, the oxygen-binding proteins of the present 

30 invention are useful in enhancing oxygen supply to 

cells or in other oxygen-utilizing processes 

(Adlercreutz et al., Biocatalyst in Organic 

Synthesis, Symposium of the Working Party on 

Immobilized Biocatalysts of the European Federation 
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of Biotechnology, Abstracts, p.18, 1985), and for 

binding and separating oxygen from other fluids or 

gases (Bonaventura et al., Underwater Life support 

Based on Immobilized Oxygen Carriers, Applied 

5 Biochemistry and Biotechnology 9:65-80, 1984). 

Furthermore, the oxygen-binding proteins of this 

invention are capable of increasing production 

cells, or of proteins or metabolites normally ru. 

a cell, or of natural or unnatural metabolites a~jd 

10 proteins expressed in a cell via genetic 

manipulation. This would, as described above, 

include heterologous proteins, biopolymers, simpler 

metabolites, antibiotics, and other chemicals 

produced by living cells or cellular biocatalysts. 

by 

15 The protein products of this invention also have 

applications as diverse as enhancing certain oxygen­

requiring steps in fermentation, enzymatic 

degradation, toxic chemical waste treatment, brewing 

and particular oxidative reactions and 

20 transformations such as steroid conversions. 

This invention also relates to a recombinant-DNA 

method for the production of oxygen-binding proteins. 

Generally, this method includes: 

(a) preparing a portable DNA sequence 

25 capable of directing a host cell or 

microorganism to produce a protein 

having oxygen-binding activity; 

30 

(b) transferring the portable DNA sequence 

directly into the host, or cloning the 

portable DNA sequence into a vector 

capable of being transferred into and 

replicating in a host cell or 

microorganism, such vector containing 
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operational elements for the portable 

DNA sequence; 

{c) transferring the vector containing the 

portable DNA sequence and operational 

5 elements into a host cell or 

microorganism capable of expressing the 

oxygen-binding protein; 

(d) culturing the host microorganism under 

conditions appropriate for replication 

10 and propagation of the vector and/or 

expression of the protein. 

In this method, the portable DNA sequences are those 

synthetic or naturally-occurring polynucleotides 

described above. In a preferred embodiment, the 

15 portable DNA sequence codes for at least a portion of 

the Vitreoscilla hemoglobin protein are described 

above. 

This invention also relates to a recombinant-DNA 

method for the use of these promoter/regulators. 

20 Generally, this method provides a process for 

subjecting the expression of a selected DNA sequence 

to external control under given environmental 

conditions which comprises the steps of: 

{a) 

25 

providing at least one selected isolated 

structural gene that is transcriptionally 

and/or translationally responsive to a 

Vitreoscilla hemoglobin promoter/regulator 

DNA sequence under the given environmental 

conditions; and 
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(b) operatively fusing the selected structural 

gene with said promoter/regulator DNA 

sequence. 

It is envisioned that the portable DNA sequences may 

5 be inserted directly into the host chromosome, or 

alternatively may utilize a vector cloning system. 

The vectors contemplated as being useful in the 

present method are those described above. In a 

preferred embodiment, the cloning vector pUC19/pRED2 

10 is used in the disclosed method. 

A vector thus obtained may then be transferred into 

the appropriate host cell or organism. It is 

believed that any microorganism having the ability to 

take up exogenous DNA and express those genes and 

15 attendant operational elements may be chosen. 

Particular hosts which may be preferable for use in 

this invention include those described above. 

Methods for transfer of vectors into hosts are within 

the ordinary skill in the art. For ultimate 

20 expression in certain microorganisms such as yeast, 

it may be desirable that the cloning vector be first 

transferred into another microorganism such as 

Escherichia coli, where the vector would be allowed 

to replicate and from which the vector would be 

25 obtained and purified after amplification, and then 

transferred into the yeast for ultimate expression of 

the oxygen-binding protein. 

The host cells or microorganisms are cultured under 

conditions appropriate for the expression of the 

30 oxygen-binding protein. These conditions are 

generally specific for the host organism, and are 

readily determined by one of ordinary skill in the 

art, in light of the published literature regarding 

the growth conditions for such organisms. 
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In one embodiment for expressing globins, conditions 

necessary for the regulation of the expression of the 

DNA sequence, dependent upon any operational elements 

inserted into or present in the vector, would be in 

5 effect at the transformation and culturing stages. 

The cells are grown to a high density in the presence 

of appropriate regulatory conditions which inhibit 

the expression of the DNA sequence. When optimal 

cell density is approached, the environmental 

10 conditions are altered to those appropriate for the 

expression of the portable DNA sequence. It is thus 

contemplated that the production of a cloned protein 

will occur in a time span subsequent to the growth of 

the host cells to near optimal density, and that the 

15 resultant cloned protein product would be harvested, 

if desired, at some time after the regulatory 

conditions necessary for its expression were induced. 

Where the operational elements used are in the 

promoter/regulator sequence of this invention, these 

20 conditions are as follows. The cells are grown to a 

high density in the presence of appropriate levels of 

oxygen which inhibit the expression of the DNA 

sequence. When optimal cell density is approached, 

the environmental oxygen level is altered to a lower 

25 value appropriate for the expression of the portable 

DNA sequence. Levels from less than about 1% oxygen­

saturation to an oxygen saturated solution are within 

the scope of this invention. It is thus contemplated 

that the production of any desired fused product will 

30 occur in a time span subsequent to the growth of the 

host cells to near optimal density, and that the 

resultant product would be harvested, if desired, at 

some time after the oxygen level necessary for its 

expression were reached. 
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If harvesting of the oxygen-binding protein products 

of the present invention is desired, it may be done 

prior or subsequent to purification and prior or 

subsequent to assumption of an active structure. 

5 It is currently believed that some percentage of the 

oxygen-binding proteins of the present invention will 

assume their proper, active structure upon expression 

in the host cell or organism. If desired, the 

oxygen-binding protein may be transported across a 

10 cell membrane. This will generally occur if DNA 

coding for an appropriate leader sequence has been 

linked to the DNA coding for the recombinant protein. 

The structures of numerous signal peptides have been 

published. It is envisioned that these leader 

15 sequences, included in or added to at least some 

portion of the portable DNA as necessary, will direct 

intracellular production of a fusion protein which 

will be transported through the cell membrane and 

will have the leader sequence cleaved upon release 

20 from the cell. 

Additional uses of the oxygen-binding proteins of the 

present invention are envisioned. The purified 

proteins and/or the whole cells and/or extracts of 

the cells of the present invention themselves may be 

25 used to bind to oxygen or proteins and thus could 

function somewhat as erythrocytes. 

The present invention may also be used as a method 

for transporting and enhancing oxygen supply to cells 

or in other oxygen-utilizing processes by delivering 

30 the oxygen-binding proteins--isolated in lysates and 

crude cell preparations, purified from extracts, in 

synthetic sequences, or in whole cells containing the 

proteins--where desired. It is envisioned that the 

protein products of the present invention could 
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valuably be added to media for culturing cells and 

thereby enhance the transport of oxygen. 

It is also envisioned that the proteins of the 
present invention may be used for binding and 

5 separating of oxygen from fluids such as seawater and 

from other gases. 

It is understood that application of the teachings of 

the present invention to a specific problem or 

environment will be within the capabilities of one 

10 having ordinary skill in the art in light of 

teachings contained herein. Examples of the products 

of the present invention and representative processes 
for their isolation, use and manufacture appear 

below. 

15 INDUSTRIAL APPLICABILITY 

The products and processes of the pr2sent invention 

find usefulness in a range of medical, laboratory and 

industrial applications. The invention provides 
metabolically engineered cells with enhanced growth 

20 characteristics for increasing production of various 

proteins or metabolites by those cells. The 

invention further provides a method for subjecting 

expression of a certain DNA sequence to external 

control under given environmental conditions. Also 

25 provided are recombinant-DNA fusion gene products, 
expression vectors, and nucleotide base sequences for 

the practice of the invention. The products and 

processes of the present invention find applications 

in a range of aerobic processes, such as manufacture 

30 of cloned proteins and synthesis of metabolites, 

chemical production by fermentation, enzymatic 

degradation, waste treatment, brewing and a range of 
oxidative reactions. 

SUBSTITUTE SHEET 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 529 of 3341

WO 93/25697 PCT /US93/05527 

-31-

EXAMPLES 

EXAMPLE 1 - CLONING AND EXPRESSION OF HEMOGLOBIN 
FROM VITREOSCILLA IN ESCHERICHIA COLI. 

Materials and Methods. Vitreoscilla sp. (Murray 

5 strain no. 389) was obtained from Dr. Webster 

(Department of Biology, Illinois institute of 

Technology, Chicago, Illinois 60616, USA}, and grown 

in a medium containing 1.5% yeast extract, 1.5% 

peptone, and 0.02% sodium acetate (pH 8.0 with NaOH). 

10 This strain is also available from ATCC, accession 

number 13981. 

E. coli JMlOl were obtained from the laboratory of 

Dr. Simon (Division of Biology, California Institute 

of Technology, Pasadena, California 91125, USA), and 

15 grown in L broth containing 1% Bactotryptone, 0.5% 

yeast extract and 1% sodium chloride. This strain is 

also available from ATCC, accession number 33876. 

Plasmid pUC19 (Yanisch-Perron et al., Improved M13 

phage cloning vectors and host strains: nucleotide 

20 sequences of m13mpl8 and pUC19 vectors, Gene 33:103-

109, 1985) packaging kits were purchased from 

Pharmacia. All restriction enzymes, T4 

polynucleotide kinase and T4 ligase were from New 

England Biolabs or Bethesda Research Laboratories. 

25 Calf intestine alkaline phosphatase was from 

Pharmacia. Mixed oligonucleotide probes were 

synthesized with an Applied Biosystems synthesizer. 

Kodak XAR5 x-ray film was used for autoradiography. 

Geneclean kits were purchased from BiolOl. All other 

30 chemicals were of analytical grade. 

Vitreoscilla genomic DNA was isolated according to 

the protocol of Silhavy et al., Experiments with gene 

fusions, Cold Spring Harbor Laboratory (1984), 
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specifically incorporated herein. HindIII-digested 

Vitreoscilla DNA was ligated into the phosphatased 

HindIII site of pUC19 and transformed into JMlOl. 

Recombinant colonies and plaques were transferred on 

5 nitrocellulose filters as described in Maniatis, et 

al., Molecular cloning--a laboratory manual, Cold 

Spring Harbor Laboratory (1982) and specifically 

incorporated herein. Rapid plasmid isolation from 

recombinant colonies were done according to Silhavy 

10 et al., supra. Digested fragments of plasmid DNA or 

fractions of genomic DNA were isolated from agarose 

gels using Geneclean kits. E.coli cells were 

transformed by the cac12 method of Silhavy et al., 

supra. Plasmid uptake was induced by heat-shocking 

15 chilled competent cells at 37°C for 5 minutes. 

For southern hybridizations the reagents suggested in 

Dupont catalog No. NEF-976, Protocols for 

electrophoretic and capillary transfer of DNA and 

RNA, DNA and RNA hybridization. and DNA and RNA 

20 rehybridization (1985), specifically incorporated 

herein, were used, whereas for colony and plaque 

hybridizations those described in Maniatis et al., 

supra, were used. Filters were prehybridized at 45-

500C for 2-4 hours and hybridized at 30°C for 20-24 

25 hours. 200 picomoles oligonucleotide kinased with 

200 microci ( 32P)ATP (sp. act. 7000 Ci/mmol) were 

used as probe. Filters were washed in 2 X SSC, 0.1% 

sos at room temperature (3 X 5 minutes) and at 46°C 

(for the c-terminal probe) and 50°C (for the N-

30 terminal probe) prior to autoradiography. 

sos-polyacrylamide gel electrophoresis was done 

according to standard protocols, Laemmli, Cleavage of 

structural proteins during the assembly of the head 

of bacteriophage T4, Nature 227:580-685, 1970, 

35 specifically incorporated herein, with a 12.5% 
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resolving gel. Protein in the gel was visualized by 

the silver staining method or Merril et al., 

Ultrasensitive stain for proteins in polyacrylamide 

gels shows regional variation in cerebrospinal fluid 

5 proteins, Science 211:1437-1438, 1983. 

Results. Three sets of mixed oligonucleotide probes 

were synthesized which had a predicted homology to 

two domains in the hemoglobin gene, one N-terminal 

and one C-terminal. A pUC19-HindIII library of 

10 Vitreoscilla DNA was test-plated on rich plates with 

ampicillin, X-gal and IPTG. More than 70% of the 

colonies were probable recombinants, as estimated by 

visual inspection. About 10,000 colonies were then 

screened. Three positives were identified. Because 

15 of the high density of colonies on the plate, these, 

along with their immediate clones from each group, 

were assayed by rapid isolation and HindIII 

digestion. One of these, pREDl, had three inserted 

fragments including a 2.2kb one. Subsequent 

20 digestion of this plasmid with various endonucleases 

and Southern hybridization of the resulting DNA bands 

did confirm that the 2.2kb band did indeed contain 

the entire hemoglobin gene, since no HindIII sites 

are expected to exist upstream or downstream of the 

25 regions spanned by the oligomeric probes. 

The HindIII fragment from pREDl that contained the 

hemoglobin structural gene was purified and 

reinserted by standard protocols into pUC19 in both 

orientations (pRED2 and pRED3). E.coli cells 

30 containing plasmids pREDl, pRED2, pRED3 and pUC19 as 

well as Vitreoscilla cells were grown to stationary 

phase and cell extracts were assayed on an SDS­

polyacrylamide gel for the existence of the hemo­

globin polypeptide. The hemoglobin was expressed as 

35 a major cellular protein in all recombinant cells. 
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Since both plasmids PRED2 and PRED3 express about 

equal amounts of this polypeptide, it is presently 

believed that the gene is probably expressed from its 

natural promoter in E. coli. 

5 The restriction map of plasmid pRED2 is shown in 

Figure 1. 

Determination of the sequence of the relevant region 

of the fragment isolated from the Vitreoscilla 

Ugenomic library was accomplished as follows: 

10 The HindIII-SphI fragment from plasmid pRED2 which 

contains the structural gene and adjacent sequences 

was subcloned into pUC19 (purchased from Bethesda 

Research Labs) to obtain plasmid pRED4. An MluI site 

was identified, by restriction mapping the resulting 

15 plasmid, which breaks up the HindIII-SphI insert into 

two fragments which were individually sequenced using 

conventional protocols (Maxam and Gilbert, Sequencing 

end-labeled DNA with base-specific chemical 

cleavages, Methods in Enzymology 65:499-560, 1980; 

20 Iverson and Dervan, Adenine specific DNA chemical 

sequencing reaction, Nuclear Acids Research 15:7823-

7830, 1987). 

The nucleotide sequence of the important portion of 

the HindIII-SphI fragment includes a putative E.coli 

25 promoter, ribosome binding site, the complete VHb 

structural gene (start and stop codons are 

underlined) and a putative E.- coli transcription 

terminator (Khosla and Bailey, The Vitreoscilla 

hemoglobin gene: molecular cloning nucleotide 

30 sequence and genetic expression in Escherichia coli, 

Mol. & Gen. Genet., 214:158-161 {1988). 
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EXAMPLE 2 - GROWTH ENHANCEMENT IN E. COLI 
WITH pPRED2: SHAKE FLASK CULTURES. 

PCT/US93/05527 

In this Example, the growth behavior of E.coli cells 

producing active Vitreoscilla hemoglobin was compared 

5 to that of control strains grown under identical 

conditions. The following strains were studied: (1) 

JM101:pRED2; (2) JM101:pUC9; and (3) JMlOl. Plasmids 

pUC9 and pUC19 are essentially identical except for a 

difference in one restriction site unrelated to the 

10 insert or to any of the functional properties of the 

plasmid. 

Experimental protocol: Cells were grown at 37°C in a 

complex medium containing 1% (W/V) bactotryptone, 

0.5% (W/V) yeast extract, 0.5% (W/V) NaCl, 0.3% (W/V) 

15 K2HP04 and 0.1% (W/V) KH2Po4 (pH 7.0). Plasmid­

containing cells were grown in the presence of 100 

mg/L arnpicillin. In each case the shake-flask was 

inoculated with a 1% (V/V) dose of concentrated 

nutrient broth containing 430 g/L glucose, 5 g/L 

20 yeast extract, 110 g/L (NH4) 2so4 , 8 g/L Mgso4 •7H2o, 

0.27 g/L FeCl3·6H20, 0.02 g/L ZnCl2•4H20, 0.02 g/L 

CaC12 ·2H2o, 0.02 g/L NaMo04 ·2H2o, 0.01 g/L CuS04 ·5H20, 

0.005 g/L H3Bo31 0.1% (V/V) cone. HCl, 4.2 rng/L 

riboflavin, 54 mg/L pantothenic acid, 60 mg/L folic 

25 acid. This formulation has been successfully used on 

a previous occasion to grow stationary cells to a 

high density in a fedbatch mode. The cells were then 

allowed to grow further until stationary phase was 

reached again. Optical density was measured at 600 nm 

30 on a Bausch & Lomb Spectronic 21 spectrophotometer. 

Dry weights were measured by spinning 10 mL samples 

at 4°C, washing once with distilled water and 

subsequently drying the resuspended sample at 100°c 

overnight. The heme content of the cells was assayed 

35 according to the method of Lamba & Webster (Lamba & 

Webster, Effect of growth conditions on yield and 

heme content of Vitreoscilla, Journal of Bacteriology 
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142:169-173, 1980), and the hemoglobin activity was 

measured by the method of Webster & Liu (Webster and 

Liu, Reduced nicotinamide adenine dinucleotide 

cytochrome o reductase associated with cytochromic o 

5 purified from Vitreoscilla, Journal of Biological 

Chemistry, 249:4257-4260, 1974.). 

Results. The growth properties, heme content and 

hemoglobin activity of the three strains are 

documented in the Table below. 
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--------------------------------------------------------------------
JM101:pRED2 JM101:pUC9 JmlOl 

1. OD6oo 0.937 0.737 0.945 

before nutrient 

replenishment 

2. 00600 1.230 0.880 0.985 

5 3. max. attained dry wt. 1.5g/L 0.85g/L lg/L 

4. relative heme content 5. 5 1 ** 

5. relative hemoglobin 5 I ** 
activity 

6. specific growth rate* 0.04/h 0.01/h 0.009/h 

10 *mean value following additional feeding of shake-flasks as 
described above 

**not assayed 

EXAMPLE 3 - GROWTH ENHANCEMENT OF E.COLI WITH pRED2. 

A typical high-cell density fermentation is of a 

15 fedbatch type. The optimal rate of nutrient 

addition, and consequently the productivity, is 

ultimately limited by the rate at which cells can 

aerobically catabolize the carbon source without 

generating growth-inhibitory metabolites such as 

20 acetate and lactate (Zabriskie and Arcuri, Factors 
influencing productivity of fermentations employing 

recombinant microorganisms, Enzyme and Microbial 

Technology 8:706-717, 1986; Tsai et al, The effect of 

organic nitrogen and glucose on the productivity of 

25 recombinant insulin-like growth factor in high cell 

density Escherichia coli fermentations, Journal of 

Industrial Microbiology 2:181-187, 1987). In this 

experiment, we compare the growth properties of the 
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recombinant strain (JM101:pRED2) expressing 

Vitreoscilla hemoglobin with similar plasmid­

containing (JM101:pUC9) and plasmid-free (JMl0l) 

strains under typical fed-batch fermentation 

5 conditions. 

Materials and Methods: 

Cells were grown in a New Brunswick Microferm 

fermenter at 37±0.5°C and a pH of 7±0.05 with an 

initial working volume of 2.5 L. A constant air-flow 

10 rate of 4.5 L/min and agitator speed of 300 rpm were 

maintained throughout each run. Silicone antifoam 

AF60 was used to control foaming. The batch medium 

and feed medium 1 listed in Table 2 in Tsai et al, 

supra were used. Growth following inoculation was in 

15 batch mode. After batch stationary phase was 

reached, continuous feeding was initiated using feed 

medium 1 at a flow rate of 10 mL/hr. For plasmid­

containing cells, 100 mg/L ampicillin was used. In 

all cases, the dissolved oxygen (DO) levels remained 

20 fairly constant around 5% of air saturation for most 

of the run except during the early log phase and 

towards batch stationary phase. 

Results: 

The growth parameters measured for the three strains 

25 are listed below. Batch stationary phase refers to 

conditions before continuous feeding was started. 
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----------------------
JM101:pRED2 JM101:pUC9 JM101:pRED2 

Batch log-phase growth 

rate (h-1 ) 

Batch stationary-phase 

dry cell mass (g/L) 

0.95 

2.6 

0.73 0.95 

1. 6 2.6 

5 Fed-batch log-phase 

growth rate (h- 1 ) 

0.056 0.033 0.066 

Final dry cell mass 

(g/L) 

5.8 2.8 5.9 

Further, the respiratory behavior of JM101:pRED2 was 

10 improved compared to the control strains at low DO 

levels, as observed in a Gilson respirometer. 

Conclusion: 

Cells containing Vitreoscilla hemoglobin grow faster 

and to higher densities than comparable plasmid-

15 containing controls. 

EXAMPLE 4 - EXPRESSION OF VITREOSCILLA HEMOGLOBIN 
{VHb) IN E. COLI UNDER THE REGULATION OF OTHER 
PROMOTERS. 

In Examples 1, 2, and 3 above, the expression of 

20 hemoglobin is under the regulation of its native 

oxygen-regulated promoter. Hence, it is not possible 

to modulate independently the dissolved oxygen 

concentration (DO) and the intracellular VHb level. 

In order to overcome this, the inventors attempted to 

25 express this protein under the control of other 

regulatable promoters which are functional in 

E.coli, such as trp (Russell and Bennett, 

Construction and analysis of in vitro activity of E. 

coli promoter hybrids and promoter mutants that alter 
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the -35 to -10 spacing Gene 20:231-243, 1982) and tac 

(deBoer et al, The tac promoter: a functional hybrid 

derived from the trp and lac promoters Proc. Natl. 

Acad. Sci. USA 80:21-25, 1983). Materials and 

5 Methods: 

Plasmid PRED4 was linearized with HindIII and treated 

with exonuclease Ba131 to generate 5' end deletions 

in the HindIII-SphI VHb fragment (Maniatis et al, 

supra). After digestion with SphI, the resulting VHb 

10 fragments were cloned into HindIII-SphI digested 

pUC19. The positions of the deleted end-points were 

identified by sequencing. 

trp and tac promoters and the chloramphenicol acetyl 

transferase gene (CAT) were purchased from Pharmacia, 

15 Inc. Oligonucleotides were synthesized at California 

Institute of Technology using an Applied Biosystems 

DNA synthesizer. 

All DNA enzymes were obtained from vendors. 

The functional assay for the VHb gene product is as 

20 described in Webster and Liu, supra. 

Cells were pelleted at 4°C and resuspended in 100 mM 

Tris (pH 7.5), 50 mM NaCl. This cell suspension was 

sonicated at 75 W for 3 min. on ice. After spinning 

in at 12,000 g for 10 min., the supernatant was 

25 collected and assayed for VHb. Total protein content 

was estimated using the Bradford assay kit from 

BioRad Inc. Vhb activity is reported as delta-A419_ 

436 /mg total protein. 
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Results: 

one of the deletions, pRED302, mapped 2 base-pairs 

upstream of the ATG start codon for the VHb 

structural gene. This deletion was used for further 

5 work. The EcoRI/BamHI trp promoter cartridge was 

cloned upstream of the truncated VHb fragment. The 

following ribosome binding site was synthesized: 

5 1 GATCCCGGGTCTAGAGGA 3 1 

GGCCCAGATCTCCT 

10 and inserted between the BamHI and nuclease-blunted 

XbaI sites to give rise to a trp promoter-controlled 

VHb expression system. The CAT gene (Alton and 

Vapnek, Nucleotide sequence analysis of the 

chloramphenicol resistance transposon Tn9, Nature 

15 282:864-869, 1979) was inserted downstream and under 

the control of the lac promoter available on this 

PUC19-based plasmid. This gene product can be 

conveniently assayed (Neumann et al, Novel rapid 

assay for chloramphenicol acetyltransferase gene 

20 expression, BioTechniques 5:444-447, 1987) and hence 

serves as a useful reporter. Finally, the B­

lactamase gene on this PUC19-based plasmid was 

deleted by digestion and religation with PvuI. The 

purpose of this step is to eliminate the presence of 

25 a plasmid-encoded periplasmic protein. The plasmid 

thus obtained was called pHbCAT and was transformed 

into JMlOl. As a control, the CAT gene was cloned 

downstream and under the control of the lac promoter 

in pUC19. The B-lactamase gene was identically 

30 deleted. This plasmid was called pCAT. The 

restriction maps and the anticipated sequence of 

relevant regions of these two plasmids are shown 

below. 
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pHbCAT ( 3. 6 kb) 

EcoRI SphI EcoRI 

Ba I ~III Ee RI H'ndIII p I 

► ◄ 
CAT LacP ori 

VHb structural 

0 gene 3.6 kb 

EcoRI 

5 1 GAATT CCCCT GTTGA CAATT AATCA TCGAA CTAGT TAACT 

AGTAC 

BamHI 

15 GCAGC TTGGC TGCAG GTCGA CGGAT CCCGG G CTA CAGGA 

AGTCT 

Start codon of VHb 

CATGT TAGAC .•. (same as in Example 2 up to 

SphI site) 

20 The sequence of the region spanning between 

25 

30 

EcoRI and the start of the VHb structural gene is 

shown above. It includes the trp promoter and a 

synthetic ribosome binding site. 

pCAT (2.5 kb) 

~!I EcoRr 
or1. 

2.5 kb 

The effect of tryptophan (repressor) and indole 

acrylic acid (gratuitous inducer) on VHb levels in 

JMlOl/pHbCAT are shown in the Table below. In these 

35 experiments, cells were grown to mid-log in minimal 
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medium containing 3 g/L glycerol, 3 g/L casamino 

acids, and the appropriate amount of indole-acrylic 

aced or tryptophan. 

Host: Tryptophan Indole- Specific Hb 

acrylic 

Plasmid: (mg/L) acid (mg/L) Activity* 

JMl0l:pCAT 3.4 X 10-3 

JMl0l:phbCAT 20 6.2 X 10-3 

II 4 18.3 X 10-3 

II 31.5 X 10-3 

II 1 29.8 X 10-3 

II 2.5 36.5 X 10-3 

II 5 47.0 X 10-3 

II 10 36.6 X 10-3 

Note *{delta-A419_436 /mg total soluble protein) 

-------------------------------

15 To express the VHb gene under the control of the tac 

promoter, an expression plasmid plasmid was made 

using a HindIII-BamHI tac promoter cartridge, the 

BamHI/SphI fragment from pHbCAT, and the HindIII-SphI 

digested fragment of the vector pBR322 {Bolivar et 

20 al, Construction and characterization of new cloning 

vehicles. II. A multipurpose cloning system Gene 

2: 95-113, 1977) . 

With this construct {pINTl), the level of redness of 

cells correlated well with varying amounts of the 

25 gratuitous inducer IPTG, indicating that the gene 

product synthesis was under the control of tac. The 

advantages of this expression system are: 
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a. Higher expression of vHb, and 

b. Ability to use complex medium for 

growth. 

EXAMPLE 5 - GROWTH OF E.COLI - EXPRESSING VHb UNDER 
5 THE REGULATION OF OTHER PROMOTERS. 

The aim of this experiment was to demonstrate the 

growth effects of VHb on E.coli. In these cases, 

VHb is expressed using promoters different from the 

native VHb oxygen-regulated promoter. The 

10 strains:plasmids used are: 

1. HB101:pBR322 (pBR322 from BRL) 

2. JMl0l:pINTl (pINTl discussed in 

Example 5). 

The two hosts have nearly identical genotypes, the 

15 major difference being the presence of an F' factor 

in JMl0l which harbors the lacI8 gene. This gene is 

necessary to keep a strong promoter like tac under 

control. 

The following media recipes shall be henceforth 

20 referred to in the appropriate annotated form: 

lX LB: 

2X LB: 

25 

SX LB: 

10 g/L Bactotryptone, 5 g/L Yeast Extract, 

5 g/L NaCl, 3 g/L KzHP04, 1 g/L 

KH2Po4 100 mg/L Ampicillin 
I 

20 g/L Bactotryptone, 10 g/L Yeast Extract, 

5 g/L NaCl, 3 g/L K2HP04, l g/L KHzP04, 100 

mg/L Ampicillin 

50 g/L Bactotryptone, 25 g/L Yeast Extract, 

5 g/L NaCl, 3 g/L K2HP041 1 g/L KHzP04, 100 

mg/L Ampicillin. 
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The experiment was conducted as follows. Single 
colonies of the two strains listed above were 

inoculated into 5 mL lX LB in a culture tube and 
grown overnight at 37°C. 

5 0.5mL of the appropriate inoculum was transferred 
into 250mL culture flasks containing 50 mL medium as 

follows: 

10 

15 

l) 

2) 

3) 

4) 

5) 

IPTG 

6) 

7) 

IPTG 

8) 

IPTG 

HB101:pBR322 

HB101:pBR322 

JMlOl:pINTl 

JMlOl:pINTl 

JMlOl:pINTl 

JMlOl:pINTl 

JMlOl:pINTl 

JMlOl:pINTl 

2X LB 

5X LB 

2X LB 

2X LB+ 0.1 mM 

IPTG 

2X LB# 0.5 mM 

5X LB 

SX LB# 0.1 mM 

5X LB# 0.5 mM 

20 Cells were then grown for 24 hat 37°C in a New 
Brunswick G24 Environmental Incubator Shaker with the 

shaker speed adjusted to medium setting. At the end 
of the experiment, the 00600 was measured in a 

Spectronics 21 spectrophotometer by diluting the 
25 culture 10-fold in 1% NaCl. The data are listed 

below. 
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-------------------------------------------
HostlPlasmid LB cone. IPTC cone. (mM) Final OD600 

HB101:pBR322 2X 0 3.00 

JMlOl:pINTl 2X 0 3.03 

JMlOl:pINTl 2X 0.1 2.91 

5 JMlOl:pINTl 2X 0.5 3.00 

HB101:pBR322 5X 0 2.73 

JMlOl:pINTl 5X 0 3.26 

JMlOl:pINTl 5X 0.1 3.40 

JMlOl:PINTl 5X 0.5 3.15 

---------------------------------------------------------------
10 From this data, the following conclusions may be 

drawn: 

1. In all cases involving 2X LB, the cells grew to 

approximately the same density. This density is 

roughly twice that obtained routinely in IX LB under 

15 similar growth conditions and indicates exhaustion of 

available nutrient. In other words, cells have 

entered stationary phase of growth due to nutrient 

limitation. 

2. It has been demonstrated (Tsai et al., supra) 

20 that cells grown in excess nutrient eventually attain 

an oxygen-limited growth condition due to which they 

generate inhibitory metabolics such as acetate. 

Eventually, this leads to cessation of growth, even 

if more nutrient is supplied. The results of all 5X 

25 experiments are indicative of such an occurrence. In 

other words, oxygen limitation has arisen eventually, 

causing the culture to reach stationary phase. 

3. Hence, it may be argued that under o2-limited 

growth, the presence of the hemoglobin gene enhances 
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the growth characteristics of E.coli. This result 

is similar to that in Examples 3 and 4, with the 

difference being that here VHb expression is not 

regulated by DO levels. 

5 4. It appears that under the given growth 

conditions, there exists an optimal level of VHb 

expression that maximizes the growth enhancement 

effect. Such an optimum may be a function of 

specific growth properties of each cell line and/or 

10 plasmid construct as well as of the environmental 

conditions of growth. The optimum may thus have to 

be determined for different applications of this 

technology on a case-by-case basis; however, such 

determination does not require undue experimentation. 

15 EXAMPLE 6 - EFFECT OF VHb PRESENCE ON THE SYNTHESIS 
OF ANOTHER CLONED PROTEIN IN E.COLI. 

The aim of this experiment was to demonstrate the 

effect of the VHb gene on the synthesis of a model 

cloned gene product. This is an important 

20 application of the technology, since a wide variety 

of gene products are produced commercially via 

recombinant DNA technology. A typical process of 

this kind involves a high cell density fed-batch 

fermentation. The productivity of such processes is 

25 ultimately limited by insufficient oxygen 

availability. 

30 

The following hosts/plasmids were used in this 

example: 

1. JMl0l:PCAT 

2. JMl0l:PHbCAT. 

The construction of these plasmids is described in 

Example 5. 
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The following media compositions were used: 

LB: 10 g/L Bactotryptone, 5 g/L Yeast 

Extract, 5 g/L NaCl, 3 g/L K2HP041 1 

g/L KH2Po4 , 30 mg/L Chloramphenicol 

l0X feed: 100 g/L Bactotryptone, 100 g/L 

Yeast Extract, 150 mg/L 

Chloramphenicol. 

The experiment was conducted as folLows: 

Single colonies of the two strains were inoculated 

10 into 5 ml LB in a culture tube and grown overnight. 

1 mL of the inoculum was transferred into 100 mL 

fresh LB and the growth curve was followed. As cells 

approached the end of log phase, a 1 mL pulse of l0X 

feed was added and the growth burst was followed. A 

15 second pulse was similarly added. At the end of this 

growth phase, a pulse of 1 mL l0X feed containing 100 

mM IPTG was added to induce the expression of the CAT 

gene. One hour later, a sample was withdrawn for 

monitoring CAT activity. The results of the 

20 experiment are shown below. 

25 

JM101:]2CAT JMl0l:12HbCAT 

l) Klett before IPTG pulse 670 700 

2) Total soluble protein 0.31 0.435 

(mg/ml culture broth) 

3) CAT activity 1.39x104 2.67x104 

(units/mg soluble protein) 

4) CAT activity 

(units/ml culture broth) 

From the above data, the following conclusions may be 

drawn. 
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1. The presence of VHb enhances the synthesis of a 

cloned gene product, even at low levels of VHb 

industr ion. · 

2. Besides increasing the amount of cloned gene 

5 product per unit volume of culture, the presence of 

VHb may also enhance the specific activity (activity 

per unit amount of totally soluble protein) of the 

cloned gene product. 

EXAMPLE 7 - OXYGEN-DEPENDENT REGULATION OF EXPRESSION 
10 OF VHb IN E.COLI BY NATIVE VITREOSCILLA HEMOGLOBIN 

UPSTREAM SEQUENCES. 

The aims of this experiment were as follows: 

1. To demonstrate that VHb gene expression in E.coli 

increases in response to decreasing oxygen levels in 

15 the medium. 

2. To establish transcriptional-level regulation of 

gene expression. 

3. To determine the sensitivity of this oxygen­

dependent genetic switch in response to changes in 

20 dissolved oxygen concentrations. 

Materials and Methods: 

The HindIII-SphI fragment containing the VHb gene and 

flanking sequences was cloned into the corresponding 

sites of the vector pBR322, thereby creating the 

25 plasmid pOXl. This was then transformed into the L 
coli hold, HBlOl. The fermentation was conducted in 

a New Brunswick Bioflo II fermenter with a 2.5 L 

working volume using LB (10 g/L Bactotryptone, 5 g/L 

yeast extract, 5 g/L NaCl, 3 g/L K2H-P04 , 1 g/L 

30 KH2P04 ) plus 8 mg/L silicone antifoam as medium at 

37°C, pH 7.0 with a constant agitation speed of 300 
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rpm. All other methods involve conventional 

protocols (Maniatis, et a)., supra). 

Cells were grown to an OD600 ~ 0.25 with DO 

maintained greater than 50% air saturation at all 

5 times. At this point, the air supply was gradually 

reduced so that the DO fell to about 1% air 

saturation in an almost linear manner over a period 

of 45 min. (i.e., a time scale long enough for gene 

induction, yet within approximately one generation 

10 time of E. coli). Samples were intermittently taken 

and analyzed for VHb mRNA and protein levels. Later, 

nitrogen was sparged in the vessel to study the 

induction of the VHb promoter under strictly 

anaerobic conditions. 

15 Results: 

1. The level of VHb mRNA increased about ten-fold as 

DO dropped from 70% to 1% air saturation. 

2. There was a corresponding increase in VHb 

activity. A lag was noticed between increase in VHb 

20 mRNA level and increase in the quantity of active 

VHb. This may occur because of the requirement of 

additional heme biosynthesis in the host cell in 

order to produce active VHb. 

3. The VHb promoter was switched on to significant 

25 levels only below 40% air saturation and attains 

maximum induction levels below 5% air saturation. 

4. The promoter switches off under strictly anaerobic 

conditions, indicating the importance of a basal 

level of aerobicity in the environment for maximal 

30 gene expression. 
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EXAMPLE 8 - HETEROLOGOUS EXPRESSION OF VHb IN A 
EUCARYOTIC SACCHAROMYCES CEREVISIAE HOST. 

In this experiment, we attempted to express the VHb 

gene in a model eucaryote, saccharomyces cerevisiae. 

5 The vector used was pBM 150 (Johnston and Davis, 

Sequences that regulate the divergent GALl-GALlO 

promoter in Saccharomyces cerevisiae, Molecular and 

Cellular Biology 4:1440-1448, 1984) and the host 

strain was D603 (ade-, ura-, met-, lys-, reg 1), 

10 Srienc et a1.,· Effect of ARSl mutations on chromosome 

stability in Saccharomyces cerevisiae, Molecular and 

Cellular Biology 5:1676-1684, 1985. The truncated 

VHb structural gene referred to in Example 4 was 

cloned downstream of the GALlO promoter to create 

15 plasmid pYREDl. 

Results: 

The recombinant strain D603:pYREDl was significantly 

redder than the control D603:pBM150 when grown in the 

presence of galactose (2% peptone, 1% yeast extract, 

20 2% galactose). Inocula were grown in minimal 

galactose medium. Significant hemoglobin activity 

was determined in sonicates from D603:pYREDl compared 

to D603:pBM150 controls based on the difference 

spectrum hemoglobin analysis referenced in Example 2. 

25 EXAMPLE 9 - GROWTH ENHANCEMENT OF SACCHAROMYCES 
CEREVISIAE CELLS EXPRESSING VHb. 

In this example, the effect of VHb expression on the 

growth of the yeast Saccharomyces cerevisiae was 

studied. The VHb gene was cloned into a yeast 

30 expression plasmid, AAH5, that is stably maintained 

as an extrachromosomal plasmid in yeast cells. 

Materials and Methods: 

Plasmid pEX-2 was constructed as follows. The 

BamHI/SphI fragment described in Example 4 was cloned 

35 by blunt-end ligation into the HindIII site of the 
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yeast expression vector AAH5 (Ammerer, Expression of 

genes in yeast using the ADCl promoter, Methods in 

Enzymology 101:192-201, 1983). AAH5 contains the 

selectable yeast marker Leu 2, the 2 micron circle 

5 origin of replication, and a unique HindIII site 

flanked by the transcriptional promoter and 

terminator regions of the yeast alcohol 

dehydrogenase-1 (ADH-1) gene. The ADH-1 promoter 

will support high levels of transcription of any 

10 sequence cloned into the HindIII site. The ADH-1 

gene is constitutively expressed in yeast. 

S. cerevisiae strain 488-0 (leu2, ura3, his 1-7) was 

transformed with plasmids AAH5 and PEX-2 by the rapid 

colony transformation procedure (Keszenman-Pereyra 

15 and Heida, A colony procedure for transformation of 

Saccharomyces cerevisiae. Curr. Genet. 13:21-23, 

1988), and plated on synthetic dextrose (SD) medium 

(Rose, Isolation of genes by complementation in 

yeast, Methods in Enzymology, 152: 481-504, 1987) 

20 without leucine. A representative clonal cell line 

from each transformation was established after colony 

purification of a primary transformant. 

For the growth studies, single yeast colonies were 

inoculated into 2 mL of SD -leu (+leu for 488-0) and 

25 cultured for 24 hr at 260 rpm at 30°C in a Labline 

Model 3258 Orbit Enviro-shaker. 0.5 mL of this 

inoculum was added to 50 mL of the same medium in a 

250 mL flask and cultured at 260 rpm at 30°C. Cell 

growth was measured by turbidity (A600nm) using a 

30 Perkin-Elmer Lambda 4A Spectrophotometer. When the 

glucose level of the culture medium dropped below 2.0 

rnM, the cultures were pulsed with 1/40 volume of a 

concentrated medium containing 20 x SD (40% glucose, 

13.3% Difeo yeast nitrogen base without amino acids, 

35 and 1.6 mg/mL of all the amino acids except leucine. 
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For strain 488-0, 1.6 mg/mL leucine was included in 

the pulse medium). Glucose concentration was 

estimated using runes Glucostix test strips. 

Results: 

5 A comparison of the growth curves Of strains 488-0, 

488-0:AAH5, and 488-0:pEX-2 grown under the above 

conditions revealed the following: 

1. All three strains grew at an equivalent rate 

during the logarithmic stage of growth. 

10 2. The VHb-containing strain 488-0:pEX-2 grew to a 

final optical density of 13.0, while strains 488-

0:AAH5 and 488-0 grew to optical densities of only 

10.0 and 9.5, respectively. This represents a 26.0% 

increase in final cell density between a strain 

15 carrying the VHb gene on a plasmid (488-0:pEX-2) 

compared to a strain containing the identical plasmid 

without the VHb gene (488-0:AAH5). In addition, this 

represents a 32.6% increase in the final cell density 

of 488-0:pEX-2 over the strain containing no AAH5-

20 derived plasmid (488-0). 

EXAMPLE 10 - GROWTH ENHANCEMENT DUE TO EXPRESSION OF 
VHb IN E. COLI FROM A CHROMOSOMICALLY INTEGRATED 
GENE. 

In this exampl~, the tac-VHb gene fusion, discussed 

25 in Example 4, was integrated into the chromosome of 

E. coli MG1655 (obtained from Cold Spring Harbor 

Laboratory, NY). 

Materials and Methods: 

A defective Tnl0 transposon (Foster, et al., Three 

30 Tnl0-associated excision events: Relationship to 

transposition and role of direct and inverted 

repeats, Cell, 23:215-227, 1981) was constructed as 

follows. A kanamycin resistance gene (Pharmacia 
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Inc.) was cloned into the Sall site of PINTl (Example 

5). The EcoRI/EagI fragment from the resulting 

plasmid, which contains the entire tac-VHb fusion and 

KanR gene, was cloned between the inverted repeats 

5 (bases 1-66 on the right end and bases 9234-9300 on 

the left end) of a TnlO derivative which lacks the 

transposase gene (obtained from Cold Spring Harbor 

Laboratory, NY). The resulting element, TnlOdKan­

tac-VHb, was cloned into a multicopy plasmid 

10 containing a tac-TnlO rightward transposase (obtained 

from Cold Spring Harbor Laboratory, NY). 

Transposition was induced with 0.5 mM IPTG for 4 hr, 

following which cells were plated on lactose­

MacConkey-Kan plates. Lac-mutants were selected and 

15 the transposon-induced mutation was induced into E.:,. 

coli MG1655 using Pi phage (Silhavy et al., supra). 

One of the resulting Lac-colonies, which was further 

purified and checked for Lac-, KanR, Amp5 , VHb+ (IPTG 

inducible, as confirmed by assay described in Example 

20 3), was designated GR013. Comparison of growth 

properties of strains MG1655 and GR013 in 2X LB 

(described in Example 6) containing 1 mM IPTG, 

followed by addition of a concentrated feed (25% 

Bactotryptone, 12.5% yeast extract), showed an 

25 increase in final cell densities (final cell 

densities: 0D600 = 16.8 for MG1655, 0D600 = 18.1 for 

GR013). 

EXAMPLE 11 - CONSTRUCTION OF AN EXPRESSION VECTOR FOR 

CULTURED MAMMALIAN CELLS 

30 The eukaryotic expression vector pMSG (Pharmacia LKB 

Biotechnology, Piscataway, NJ) was propagated in E. 

coli HBlOl. E.coli HBlOl was transformed with pMSG 

using a standard CaC12 protocol (l}. After culturing 

transformants overnight, pMSG plasmid DNA was 

35 isolated by standard miniprep technique (1). The 

authenticity of this plasmid was confirmed by 
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performing several restriction digestions of the 

original and the HBlOl-derived pMSG plasmid DNA. A 

frozen stock of HB101-pRED302 ( 2) was plated out on a 

agar plate. The following day, a 10 ml overnight 

culture was inoculated from a single colony. 

Miniprep plasmid isolation was carried out on this 

overnight culture for pRED302 isolation. Plasmid 

pRED302 was digested with Xbal and Sspl (Boerhringer 

Mannheim, Indianapolis, IN) and the digested sample 

10 was run on a 0.7% agarose gel. This resulted in 3 

fragments of approximate sizes of 2.5 kb, 0.56 kb and 

0.54 kb. Test digestions were carried out with the 

two smaller fragments using the restriction enzymes 

Mlul and Bsu361 since these sites are present in the 

15 VHb structural gene. Electrophoresis of these 

digested samples on a 2% agarose gel confirmed that 

the lower band contains the VHb structural gene. The 

lower band was eluted and purified from the gel using 

the GeneClean Kit (Bio 101, La Jolla, CA) resuspended 

20 in 30 ml TE (pH 8.0) and stored at -20°c. Part of 

this purified fragment was used for construction of 

pMSG-VHb and remaining sample was frozen down at -

20°c for use in Southern hybridization experiments. 

The construction of pMSG-VHb was done by utilizing 

25 the multicloning site of pMSG. pMSG was sequentially 

digested with Smal and Nhel with an intermediate 

phenol:chloroform extraction and ethanol 

precipitation step. The digested vector was run on a 

0.7% agarose gel and the larger fragment was purified 

30 using a GeneClean Kit, resuspended in 20 ml TE (pH 

8.0) and stored at -20°c. An overnight blunt-sticky 

end ligation reaction was carried out at 8-15°C for 

cloning the Xbal/Sspl VHb fragment into the Nhel/Smal 

digested pMSG. This vector was named pMSG-VHb. The 

35 following day, competent HBlOl were transformed 

separately with no plasmid, pMSG and pMSG-VHb 

respectively and spread on LB-ampicillin plates. 
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Nine colonies were picked from pMSG-VHb plate as 

potential transformants for further analysis. 

Minipreps were carried out on overnight cultures of 

all these potential transformants for pMSG-VHb 

5 plasmid DNA isolation. Vectors pMSG and pMSG-VHb 

were digested with the differed restriction enzymes 

BamHl, Hinglll, Sall and Mlul for verifying the 

authenticity of the new construct. When run on a 

0.7% agarose gel, those samples confirmed the 

10 presence of the VHb insert in the multicloning site 

of pMSG. A maxiprep was carried out using two 100 ml 

cultures of one of the pMSG-VHb transformants for 

large-scale plasmid DNA isolation. The DNA was 

extracted with phenol:chloroform, ethanol 

15 precipitated, the pellet resuspended in 1 ml TE (pH 

8.0) and stored at -20°C until further use in CHO 

cell transfection. 

EXAMPLE 12 - TRANSFECTION OF CHO CELL WITH AN 

EXPRESSION VECTOR 

20 A Chinese hamster ovary (CHO) cell line producing tPA 

(ATCC 9606) was obtained from ATCC (Bethesda, 

Maryland). These cells were grown routinely in a 

non-selection medium containing DMEM (high glucose) 

(GIBCO, Grand Island, NY) supplemented with lX 

25 penicillin-streptomycin-glutamine (Irvine Scientific, 

Irvine, CA) solution and 5% dialyzed FBS (GIBCO, 

Grand Island, NY) in a 5% co2 humidified incubator at 

37°C. Tissue culture dishes (100 & 20mm) were used 

in all the experiments. The selection medium for 

30 transfected cells contains 25 mg/1 mycophenolic acid 

(Grand Island, NY), 1 X HAT (Gibco, Grand Island, NY) 

and 250 mg/1 xanthine (Sigma, St. Louis, MO in 

addition to the non-selections medium components. 

During regular cultures, cells were passaged every 2-

35 3 days upon semi-confluency. Total cell counts and 

cell size distribution were monitored by the Coulter 
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counter. Cell viability was determined using the 

trypan blue exclusion method. 

The CHO cells producing tPA were transfected with 

pMSG-VHb using the standard calcium phosphate 

5 procedure described in Maniatis (1). Briefly, one 

100 x 200 mm tissue culture dish with 10 ml non­

selection medium was inoculated with 1 x 106 cells 24 

hours prior to transfection. Twenty mg pMSG-VHb DNA 

was digested overnight with EcoRl at 37°C. This 

10 linearized vector DNA was subjected to 

phenol:chloroform extraction and ethanol 

precipitation and the resulting pellet was 

resuspended in an appropriate volume of 0.1 X TE (pH 

8.0). This was combined with 20 mg of carrier DNA 

15 and the calcium phosphate-DNA precipitate was formed 

according to the standard protocol. 1 ml of this 

precipitate was added to the 100 mm dish containing 

cells. These cells were incubated for 24 hours at 

37°C upon which the medium was aspirated and fresh 

20 non-selection medium added in order to facilitate the 

expression of XGPRT. Cells were then diluted 1:8 in 

selection medium and allowed to grow in this medium. 

The medium was replaced every two days and single 

colonies began to appear in about two weeks. About 

25 40 colonies resistant to selection pressure were 

picked using cotton tips wetted with trypsin and 

transferred to 24-well tissue culture plates. These 

colonies were expanded to 60 and 100 mm dishes upon 

reaching confluency in the wells. All except 3 

30 clones were frozen down at -70°C. The three clones 

(clones 4, 19 and 30) were gradually expanded to 100 

mm dish cultures for further studies. 

EXAMPLE 13 - VALIDATION OF CLONING OF THE VHb GENE IN 

ENGINEERED OR RECOMBINANT CHO CELLS 
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Genomic DNA was isolated from various clones using 

standard protocos from Maniatis et al. (1). 5 ng 

DNA each of the parental CHO-tPA and three VHb-CHO 

clones were digested overnight with EcoRl at 37°C. 

5 Agarose gel electrophoresis of these digested DNAs 

was carried out using 0.5 X TBE for six hours at 60 

volts. The DNA was then transferred overnight to 

Inunobilon-s membrance (Millipore, Bedford, MA) using 

a capillary blot technique (1). The VHb gene probe 

10 isolated by miniprep was labeled with biotin using a 

PolarPlex Kit (Millipore, Bedford, MA). 

Hybridization and detection reaction were carried out 

according to the PolarPlex protocol. A permanent 

image of the hybridization pattern and the VHb gene 

15 was obtained by exposing the membrane to an X-ray 

film. 

In a typical autoradiogram obtained as a result of 

such an experiment, three VHb-CHO clones and the 

parental CHO-tPA are used. All VHb-CHO clones show 

20 two distinct bands hybridized to the VHb probe 

whereas the parental clone shows one band. The lower 

band is present in all four clones suggesting that 

this fragment of DNA exhibits a great deal of 

homology with the VHb gene and could be the 

25 endogenous hemoglobin gene found in Chinese hamster 

ovary cells. The upper band is present only in VHb­

CHO cells indicating that this band corresponds to 

the VHb gene present in the vector pMSG-VHb that has 

been integrated in CHO cell chromosome as a result of 

30 transfection. Thus, the presence of VHb gene 

integrated into the chromosome of CHO-VHb cells has 

been established. 
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EXAMPLE 14 - OXYGEN-BINDING PROTEIN EXPRESSION IN CHO 

CLONES 

Cell extracts were prepared for each sample as per 

the protocol described in Khosla et al. (2). 

5 Briefly, cells were harvested by trypsinization. The 

cell suspension was centrifuged at 2500 rpm for 10 

minutes at 4°C. The resulting cell pellet was 

resuspended in 40 ml lysis buffer (100 Mm Tris pH 

8.0, 10 mM NaCl and 10 mM EDTA pH 8.0). This cell 

10 suspension was subjected to freeze-thaw cycles 3 

times in a dry ice-ethanol and 37°C waterbath for 5 

minutes each. The resulting suspension was 

centrifuged at 12000 rpm for 2 minutes at 4°C. The 

supernatant was transferred to an Eppendorf tube and 

15 stored at -20°C until SOS-PAGE was performed. 

SOS-PAGE was carried out using standard protocols 

using the Protein minigel apparatus (Biorad, 

Richmond, CA). The proteins were transferred to a 

nitrocellulose membrane and VHb detection was 

20 accomplished by Western analysis explained below. 

The membrane was incubated for 30 minutes with PBS 

containing non-fat dried milk to prevent non-specific 

binding. This was followed by a 30 minute incubation 

with rabbit anti-serum to VHb. The membrane was then 

25 subjected to two 10 minute washes with PBS. The 

membrane was then incubated with horseradish 

peroxidase conjugated to anti-rabbit antibody for 30 

minutes. After two 10 minute washes with PBS, the 

membrane was then incubated with the horseradish 

30 peroxidase substrate 4-chloro-B-naphthol for 

30 minutes which resulted in appearance of bands 

corresponding to VHb protein. JM101:pRED2 (2) (this 

E. coli strain expresses high levels of VHb) cell 

extract was used as VHb standard. 

SUBSTITUTE SHEET 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 558 of 3341

WO93/25697 PCT /US93/0SS27 

-60-

EXAMPLE 15 - INDUCTION OF CLONED VHb EXPRESSION IN 

RECOMBINANT CHO CELLS 

Cells expressing VHb were inoculated at 4 x 105 

cells/dish. Twenty-four hours post inoculation, 

5 dexamethasone (Sigma, St. Louis, MO) was added to 

each dish at final concentrations ranging from Oto 2 

µM. Cell growth was monitored everyday as described 

earlier. Cell extracts were prepared for Western 

blot analysis as described in the previous section. 

10 In one experiment, the VHb expression was monitored 

as a function of dexamethasone concentration (0.01, 

0.5, 1.0, and 2.0 µM) after 50 hours of induction. 

In the other experiment, VHb expression was monitored 

for a single dexamethasone concentration for 

15 induction times of 24, 28, 72, and 96 hours induction 

period. Initial experiments were done with three 

VHb-CHO clones described in Example 14, namely, 30, 4 

and 19. All three express VHb upon induction. Only 

results for VHb-CHO clone 30 are discussed below. 

20 The results of Western blots from such experiments 

show that VHb expression is observed in these cells 

for all concentrations ranging from 0.1 to 2.0 µM. 

Moreover, VHb expression is observed in samples with 

induction times of 24 to 96 hours. The uninduced 

25 sample (no dexamethasone) also shows a very faint 

band corresponding to VHb indicating that the MMTV 

promoter is slightly leaky under conditions of the 

experiment. This data shows that these CHO cells 

express VHb upon induction. 

30 EXAMPLE 16 - EFFECT OF CLONED VHb ON tPA PRODUCTION 

BY RECOMBINANT CHO CELLS 

The clones used for this study were the parental CHO­

tPA and the VHb-expressing CHO-tPA clone. For the 

VHb-expressing cells, dexamethasone concentrations of 

35 o, 0.1 and 0.5 µM were used. These cells were 
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induced on day 1 of the batch culture. All 

experiments were carried out using 100 x 20 tissue 

culture dishes. Cells were inoculated on day oat a 

density of 4 x 105 cells per dish. on every day of 

5 the 5-day batch culture experiment, one dish was 

removed from the incubator for measurements of cell 

number, tPA titers and other supernatant metabolite 

concentrations. Total cell count was monitored using 

a Coulter Counter. Viability was measured by the 

10 trypan blue exclusion method using a hemocytometer. 

Supernatant was frozen at -20°C for tPA and 

metabolite analysis. The tPA production was 

monitored using an ELISA kit (COALIZA, KabiVitrum, 

Franklin, OH) according to the standard protocol 

15 provided by the manufacturer. tPA concentrations in 

each sample were calculated by using a calibration 

curve obtained using standard tPA samples provided in 

the kit. 

The total amount of tPA produced each day was 

20 calculated by multiplying the concentration of tPA 

obtained by the volume of supernatant present in each 

dish. This was done to account for the progressive 

reduction in volume of the supernatant due to 

evaporation of water during the course of the batch 

25 culture. On each day, cell extracts were prepared 

and stored as described earlier for analysis of VHb 

expression during the batch culture. The day 1 

sample from VHb-expressing cells corresponds to the 

uninduced level of VHb expression whereas the CHO-tPA 

30 sample serves as negative control for VHb expression 

since these cells lack the VHb gene. This experiment 

was carried out two times in order to establish 

reproducibility and consistency of our experiments. 

The results of such an experiment are discussed 

35 below. 
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Figures 4 A, B, c, and 5 A, B and C show the total 

cell number, total tPA produced and total tPA 

produced/10 6 cells as a function of batch culture 

time for these two independent experiments. From 

5 both these experiments, it is clear that the specific 

growth rates of VHb-CHO cells is about 20-30% lower 

than that of the parental CHO-tPA clone. However, 

this effect is not due to VHb expression since the 

uninduced VHb-CHO cells show almost the same growth 

10 characteristics as the induced VHb-CHO cells. This 

effect is probably due to some unknown host-vector 

interaction that manifests itself as a result of 

integration of transfected DNA sequences into the 

host cell chromosomes. However, the tPA productivity 

15 characteristics are significantly different in the 

VHb-CHO clone as compared to the,parental CHO-tPA 

clone. The total tPA amounts as well as the amount 

of tPA produced per cell are about 50-100% higher in 

VHb-CHO cells compared to these properties in the 

20 parental CHO-tPA cell culture. 

References: 

1. Maniatis, T., Fritsch, E.F. and Sambrook, J. 

25 2. 

Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, 1989. 

Khosla, c. and Bailey, J.E. Mal. Gen Genet., 
214:158-161 1988. 

EXAMPLE 17 EXPRESSION OF A BACTERIAL HEMOGLOBIN 
IN STREPTOMYCES ENHANCES CELL GROWTH AND OXYGEN 
UPTAKE RATES UNDER OXYGEN-LIMITED CONDITIONS. 

30 A plasmid was constructed for the expression of a 

bacterial hemoglobin in Streptomyces. This plasmid, 

pWLD5, contains the Vitreoscilla hemoglobin gene and 

its native transcriptional regulatory sequences 

[Khosla and Bailey (1988) Mal. Gen. Genet., 214:158] 

35 cloned into a common streptomyces plasmid, pIJ699 

[Keiser and Melton (1988) Gene, 65:83]. Specifically 
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the 1.2 kilobase Hind III/Sphl Vitreoscilla DNA 

fragment containing the hemoglobin gene was first 

inserted into the HindIII/SphI site of the li.:.. coli 

plasmid pUC19. This construct was then linearized 

5 with Hindiii and ligated into HindIII-cut pIJ699. 

The resulting plasmid, pWLD5, was stably maintained 

in both E.coli and Streptomyces lividans. 

To investigate the effect of hemoglobin on cell 

growth rate,~- lividans strain TK64 (pro2, str6, 

10 obtained from Dr. David Hopwood, John Innes 

Institute, Norwich, England) was transformed with 

pWLD5 DNA. A single thiostrepton-resistant colony, 

designated TK64:pWLD5, was selected for further 

experiments. Hemoglobin expression in TK464:pWLD5 

15 was confirmed by Western analysis of total cell 

protein. A crude cell extract was generated by 

sonication and the proteins separated by sos­
polyacrylamide gel electrophoresis. The proteins were 

then electrotransferred to nitrocellulose membrane 

20 and screened with polyclonal antiserum generated 

against pure Vitreoscilla hemoglobin. A hemoglobin 

band of identical molecular weight as pure hemoglobin 

was detected in the cell extracts. Hemoglobin 

expression appeared to be constitutive as the levels 

25 were similar in cells sampled from any stage of 

growth. Expression of functional hemoglobin was 

demonstrated by a carbon monoxide difference spectrum 

technique (Webster and Liu (1974) J. Biol. Chem. 

249:4257). 

30 To investigate the effect of hemoglobin expression on 

cell growth and respiration, TK64:pWLD5 was compared 

with the plasmid-free strain (TK64) under two culture 

conditions corresponding to high and low aeration. 

The culture medium used for the experiment was as 

35 follows: 3% dextrose, 2% N-Z amine Type I, 1% yeast 
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extract, and 1% v/v trace elements mix (0.1% 

FeS04·7H20, 0.1% MnS04·7H20, 0.0025% CuC12·2H20, 0.01% 

CaC12·2H20, 0.00056% H3B03 , 0.002% ZnS04·7H20, 0.0019% 

(NH4 ) 6Mo7o 24 ·4H20). 5 ug/mL of thiostrepton was added 

5 to the TK64:pWLD5 culture. The first condition (high 

aeration) was a 50 mL culture volume in a 250 mL 

unbaffled erlenmeyer flask shaken at 250 rpm at 300C. 

The second condition (low aeration) was a 75 culture 

volume in a 250 mL unbaffled erlenmeyer flask shaken 

10 at 150 rpm at 30°C. With high aeration, the two 

strains had similar maximum specific growth rates 

(0.22-0.24 h-1 ) but the plasmid-free strain reached a 

higher final cell density (0D590=7.0) compared to 

TK64:pWLD5 (0D590=5.0). With lower aeration, 

15 however, TK64:pWLD5 reached a higher final cell 

density {0D590=1.95) than the plasmid-free strain 
(0D590=1.25). This represents a 56% increase in the 

final cell density in cells expressing hemoglobin 

under reduced aeration conditions. The maximum 

20 specific growth rates of the two strains were similar 

(0.10-0.11 h_ 1 ) under reduced aeration. Hemoglobin 

expression levels in the two strains were similar 

throughout the experiment as demonstrated by Western 

analysis. 

25 Oxygen uptake rates {OUR's) were compared between 

TK64:pWLD5 and the plasmid-free strain throughout 

this experiment. Cells were removed at various 

times, washed, and resuspended in fresh medium at an 

0D590 of 0.10. The OUR's were then measured using a 

30 Yellow Springs instruments biological oxygen monitor. 

The rates were normalized to cell weights and 

compared throughout the growth curve (Table 1). 

Although the OUR's of the two strains were similar 

throughout the experiment with high aeration (Table 

35 lA), they were consistently higher in the hemoglobin­

expressing strain with lower aeration, especially at 
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the later stages of growth (Table 1B). For example, 

at an 00590 of approximately 0.6, the OUR for the 

plasmid-free strain was 0.22 mM O2 /h-g whereas the 

OUR for TK64:pWLD5 was 0.29 mM o2/h-g, a difference 

5 of 32%. 

This experiment indicates that streptomyces lividans 

cells expressing a bacterial hemoglobin grow to 

significantly higher cell densities and have higher 

oxygen uptake rates than the non-expressing strain 

10 under reduced aeration conditions. A similar 

plasmid, pWLD15, containing the same Vitreoscilla 

hemoglobin gene (including its transcriptional 

regulatory sequence) fragment as that in pWLD5, 

except that it was cloned into the opposite 

15 orientation, also expresses hemoglobin in 

Streptomyces lividans. This latter finding is 

evidence that the expression of the hemoglobin gene 

originates in the inserted fragment (originating from 

Vitreoscilla) as opposed to elsewhere on the 

20 Streptornyces-based pIJ699 plasmid. 

Table lA - High aeration 

Strain O. D • 590 O.U.R. (mM 0 2/h-g) 

TK64 0.5 0.32 

TK64:pWLD5 0.4 0.35 

25 TK64 0.9 0.32 

TK64:pWLD5 0.8 0.33 

TK64 5.0 0.11 

TK64:pWLD5 4.6 0.12 
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Table lB - LOW aeration 

Strain O.D.590 O.U.R. (mM 0 2/h-g) 

TK64 0.3 0.35 

TK64:pWLD5 0.3 0.42 

5 TK64 0.6 0.22 

TK64:pWLD5 0.6 0.29 

TK64 2.0 <0.10 

TK64:pWLD5 2.0 0.27 

EXAMPLE 18 - GROWTH ENHANCEMENT OF HEMOGLOBIN-
10 EXPRESSING STREPTOMYCES GROWN UNDER TWO ADDITIONAL 

CONDITIONS OF REDUCED OXYGEN. 

The enhanced growth of hemoglobin-expressing 

Streptomyces was examined under two additional 

conditions of low aeration in shake flask cultures. 

15 Strains TK64 (no plasmid) and TK65:pWLD5 were 

cultured in 12.5 and 25 mL culture volumes in 250 mL 

flasks for 72 hours at 150 rpm at 30°C. The medium 

used was the same as in Example 17. The final cell 

densities were measured at 00590 . in the 12.5 mL 

20 culture, TK64:pWLD5 reached a final 00590 of 5.8 

while TK64 reached an 00590 of only 4.0, a difference 

of 45%. In the 25 mL culture, TK64:pWLD5 reached a 

final 00590 of 4.5, while TK64 reached an OD590 of 

only 3.3, a difference of 41%. This experiment 

25 indicates that hemoglobin expression benefits 

Streptomyces cell growth under two additional 

conditions of reduced culture oxygen. 

EXAMPLE 19 - EXPRESSION OF BACTERIAL HEMOGLOBIN IN 
STREPTOMYCES COELICOLOR. 

30 To demonstrate that Vitreoscilla hemoglobin can be 

expressed in another streptomycete, a plasmid similar 

to pWLD5 was constructed by inserting BamHI­

linearized pRED2 [Khosla and Bailey (1988) Mol. Gen. 

Genet. 214:158] into BgIII-digested p1J699. The 

35 plasmid pRED2 contains the identical hemoglobin 

sequence as pWLD5 but contains an additional 1.5 kb 

SUBSTITUTE SHEET 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 565 of 3341

WO93/25697 PCT /US93/05527 

-67-

of non-essential DNA. The resultant plasmid, pWLDl0, 

was transformed into streptomyces coelicolor strain 

M145 (SCPl-, SCP2- obtained from Dr. David Hopwood, 

John Innes Institute, Norwich, England) and a single 

5 thiostrepton-resistant transformant, designated 

M145:pWLDl0, was selected for further experiments. 

M145:PWLD10 cells were grown in liquid culture to 

exponential phase in 50 mL YEME medium (0.3% yeast 

extract, 0.5% peptone, 0.3% malt extract, 1% glucose, 

10 34% sucrose, 5 mM MgC1 2 ·6H20) at 250 rpm at 30°C. A 

cell extract was prepared by sonication and the 

proteins separated by SDS-PAGE and screened with 

anti-Vitreoscilla hemoglobin antiserum. Western 

analysis indicated that a significant level of 

15 hemoglobin of identical molecular weight as pure 

Vitreoscilla hemoglobin was present in cell extracts 

of M145:pWLD10 but not in the plasmid-free strain. 

This indicates that Vitreoscilla hemoglobin is stably 

expressed in another species of Streptomyces. 

20 These data also indicate that the Vitreoscilla 

hemoglobin promoter element functions in 

25 

30 

s. coelicolor to express a heterologous protein. 

Thus, this promoter functions in different strains of 

Streptomyces. 

EXAMPLE 20 - EXPRESSION OF BACTERIAL HEMOGLOBIN IN 
STREPTOMYCES COELICOLOR RESULTS IN HIGHER FINAL 
ANTIBIOTIC LEVELS. 

Antibiotic production in Streptomyces coelicolor 

strains M145 and M145:pWLD10 was compared in a shake 

flask culture experiment. One mL of exponential phase 

cells were inoculated into 50 mL of YEME medium (5 

ug/ml thiostrepton was added to the M145:pWLD10 

culture) in 250 mL unbaffled flasks. The cells were 

grown at 250 rpm at 30°C. Ten days later the 

35 cultures were analysed for the production of the 

SUBSTITUTE SHEET 
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pigmented antibiotic, undecylprodigiosin. The assay 

was performed by mixing equal volumes of the culture 

and 0.1 M NaOH followed by a 30" sonication (50 Watt 

output) on ice. The sonicate was then filtered 

5 through a 0.2 uM nitrocellulose membrane. The 0D468 

of the filtrate, which is a measure of 

undecylprodigiosin, was then determined. While the 

hemoglobin-expressing strain had an 00468 of 1.4, the 

non-expressing strain had an 0D468 of only 0.6. This 

10 indicated that greater than twice as much antibiotic 

is produced in a hemoglobin-expressing strain of 

Streptomyces. 

EXAMPLE 21 - EXPRESSION OF BACTERIAL HEMOGLOBIN IN 

CORYNEBACTERIA 

15 A plasmid was constructed for the expression of a 

bacterial hemoglobin in Corynebacteria. This 

plasmid, pBHb3, contains the Vitreoscilla hemoglobin 

gene (Khosla and Bailey, Mol. Gen. Genet., 214:158, 

1988) cloned into a common Corynebacterium plasmid 

20 pBKl0. Specifically, a 5.5 kilobase plasmid pINTl 

(Khosla and Bailey, J. Mal. Biol., 210:79, 1989) 

which consists of the E.coli plasmid pBR322 with a 

1.2 kilobase insert consisting of the Vitreoscilla 

hemoglobin gene and the 122 base pair tac promoter 

25 (P.L. Biochemicals), was digested with Sal 1 and 

EcoRl. The plasmid ends were then made blunt by 

filling in with DNA polymerase 1 (Klenow fragment), 

and the 1.5 kilobase fragment containing the 

Vitreoscilla hemoglobin gene, tac promoter and 

30 flanking pBR322 sequences was isolated. This 

fragment was ligated to EcoRl linearized plasmid 

pBKl0 (Paradis, et al., Gene, 61:199, 1987), the ends 

of which had also been made blunt. The resulting 

fragment was made circular with T4 DNA ligase. This 

35 plasmid, pBHb3, was transformed into E.coli, and was 

stably maintained by selection with the antibiotic 
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kanamycin. Corynebacteriurn glutamicum strain ATTC 

39022, a variant of the wild type C. glutamicum 

strain ATTC 13032, was transformed with pBHb3 DNA out 

of E.coli. A single kanamycin resistant colony was 

5 isolated. This clone was designated 39022:pBHbJ-7. 

The wild-type c. glutamicum strain ATTC 13032 was 

then transformed with pBHb3 DNA isolated out of clone 

39022:pBHbJ-7 and a kanamycin resistant colony, 

designated 13032:pBHbJ 15 was selected for further 

10 experiments. Hemoglobin expression in 13032:pBHbJ-15 

was confirmed by Western analysis of total cell 

protein. A crude cell extract was generated by 

sonication and the proteins separated by sos­
polyacrylamide gel electrophoresis. The proteins 

15 were then electrotransferred to a nitrocellulose 

membrane and screened with polyclonal antiserum 

generated against Vitreoscilla hemoglobin purified 

from E.coli, harboring plasmid pRED2 (Khosla and 

Bailey, Mol. Gen. Genet., 1988). A band of 

20 identical molecular weight as pure hemoglobin was 

detected in the cell extracts. 

EXAMPLE 22 - EXPRESSION OF A BACTERIAL HEMOGLOBIN IN 
CORYNEFORMS ENHANCES AMINO ACID YIELD AND 
PRODUCTIVITY IN SHAKE FLASK CULTURES 

25 Lysine production in Corynebacterium glutamicum ATCC 

13287 and in similar cells transformed with the 

plasmid pBHb3 was compared in a shake flask culture 

experiment. Equal amounts of exponential phase cells 

were inoculated into 75 mL (250 mL flasks) of the 

30 following medium: glucose, 175 g/L; yeast extract, 2 

g/L; ammonium sulphate, 55 g/L; magnesium sulfate 

(heptahydrate), a.a g/L; potassium phosphate, 1 g/L; 

manganese sulfate (tetrahydrate), 0.01 g/L; ferrous 

sulfate (heptahydrate), 0.01 g/L; biotin, 100 mg/L; 

35 thiamine-HCl, 200 mg/L; L-leucine, L-methionine and 

L-threonine, 0.001 mM each. The pH of the culture 
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was maintained at neutrality by adding 50 g/L of 

calcium carbonate to each flask. The cells were 

grown at 250 rpm shaking speed and 30°C. Samples 

were taken at different times, and the culture 

5 optical density was measured at 600 nm in a 

spectrophotometer. An OD 600 of 1.0 was determined 

to correspond to a dry cell weight of 0.35g/Liter. 

Glucose and lysine concentrations in the sample 

supernatants were measured by high performance liquid 

10 chromatography. Cell extracts were prepared from 

samples taken from each time point throughout the 

experiment. Proteins were separated by SOS-PAGE and 

screened with antiserum against Vitreoscilla 

hemoglobin. Western analysis confirmed that 

15 hemoglobin was being expressed throughout the 

experiment. This hemoglobin was demonstrated to be 

functional by a carbon monoxide difference spectrum 

technique (Webster and Liu, J. Biol. Chem., 1974). 

Table 2-1 shows the results obtained 48 hours after 

20 inoculation. 

Table 2-1: Effect of hemoglobin expression on the 

production of L-lysine inc. glutamicum ATCC 13287 

Strain 

glucose (g/L) 

25 lysine (g/L) 

OD (600 run) 

cell mass (gdw/L) 

13287:pBHb3 

159 

1.60 

5.14 

1.8 

13287 

155 

1.45 

5.67 

2.0 

Although the cell yield per glucose consumed is 

similar in both strains (110 g/kg vs 100 g/kg), the 

30 lysine yield per glucose consumed is 43% higher in 

the hemoglobin containing cells (100 g/kg va 0.07 

g/kg). Also, the lysine produced per cell mass is 

.. 
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25% higher in the hemoglobin containing cells (910 

g/kg vs 730 g/kg). 

Yields: 

g cells/kg glucose 

5 g lysine/kg glucose · 

g lysine/kg cells 

Productivity: 

g lysine/(kg cells.h) 

110 

100 

910 

19 

100 

70 

730 

15 

This experiment indicates that hemoglobin 

10 expression in Coryneform increases lysine yield and 

productivity. 

EXAMPLE 37 = GROWTH ENHANCEMENT OF E.COLI IS DUE TO 
THE OXYGEN BINDING PROPERTIES OF VITREOSCILLA 
HEMOGLOBIN 

15 In this experiment we compare the growth properties 

in shake flasks of the recombinant strains expressing 

Vitreoscilla hemoglobin (LE392:pINT1) and a truncated 

version (LE392:pBST) of the E. coli hemoglobin-like 

protein described in example yy with similar plasmid-

20 containing (LE392:pUC18) and plasmid free (LE392) 

cells. LE392:pBST cells give a negative CO-binding 

spectrum indicating that the truncated E.coli 

hemoglobin protein is not biologically active. 

Experimental medium and conditions were as described 

25 in example 36. 

Results: 

Cell growth as measured by culture optical density 

after 24th of inoculation is listed in the following 

table and graphically in FIG. 7: 
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LE392 LE392: LE392: LE392: 

pUC18 pINTl pBST 

stationary phase 

cell density 5.00 5.32 8.76 5.24 

OD (600 nm) 

Conclusion: 

5 Cells containing a biologically active hemoglobin 

(LE392:pINT) grow to higher cell densities than cell 

containing a hemoglobin that does not bind oxygen and 

thus is biologically inactive (LE392:pBST). Cells 

expressing inactive hemoglobin reach cell densities 

10 similar to control cells containing the parent 

plasmid pUC18 and to no-plasmid control cells. 

EXAMPLE 23 - THE PRESENCE OF ACTIVE VITREOSCILLA 
HEMOGLOBIN IN CORYNEBACTERIUM GLUTAMICUM ENHANCES 
LYSINE PRODUCTION, YIELD. AND OXYGEN UPTAKE RATE IN 

15 BATCH FERMENTATION 

In this example, lysine production by c. glutamicum 

ATCC 13287 cells transformed with the plasmid pBHb3 

and plasmid-free cells was studied in batch 

fermentation experiments. 

20 c. glutamicum ATCC 13287:pBHb3 and c. glutamicum ATCC 

13287:no-plasmid cells were grown in 250-mL shake 

flasks at 30°C and 250 rpm in the following synthetic 

medium: glucose, 75 g/L; yeast extract, 2 g/L; 

ammonium sulfate, 55 g/L; magnesium sulfate 

25 (heptahydrate), 0.8 g/L; potassium phosphate, 1 g/L; 

2manganese sulfate (tetrahydrate), 0.01 g/L; ferrous 

sulfate (heptahydrate), 0.01 g/L; biotin, 100 mg/L; 

thiamine-HCl, 200 mg/L; L-leucine, L-methionine and 
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L-threonine, 200 mg/Leach; p 7.0. These cells were 

used to seed the fermentors. 

Fermentations were conducted in 3-L B. Braum MD 

fermentors in the medium described above, at 30°C and 

5 under constant air sparging (0.5 L/min). Initially, 

the impeller agitation rate was constant. During 

that time, the dissolved oxygen concentration 

gradually decreased. When the dissolved oxygen 

concentration reached 5% of air saturation, the 

10 agitation rate was adjusted by the fermentor 

controller in order to maintain the dissolved oxygen 

concentration at 5% of air saturation until the end 

of the fermentations. The culture pH was maintained 

at pH 7.0 by the fermenter pH controller by periodic 

15 additions of 4 N sodium hydroxide. 

Samples were taken at different times throughout the 

fermentations. Glucose and lysine concentrations 

were determined HPLC. Optical density was measured 

at 600 nm using a Beckman spectrometer. An OD600 of 

20 1.0 corresponds to a cell mass of 0.35 g dw/L. 

Analysis of the off-gas oxygen and carbon dioxide 

content were done using a Perkin-Elmer MGA 1200 mass 

spectrometer. Oxygen uptake rates (OUR) and 

respiration coefficients were calculated using the 

25 off-gas data. Hemoglobin expression was stable 

throughout the fermentation as demonstrated by 

Western electroblotting of the samples taken. The 

hemoglobin produced by 13287:pBHb3 was biologically 

active as demonstrated by carbon monoxide binding 

30 assay. 

Table 3.1 shows the optical density, glucose and 

lysine concentration as a function of time for 

13287:pBHb3 and 13287:np. 

Table 3.1 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 572 of 3341

WO93/25697 PCT/US93/05527 

5 

-74-

Time (h) 0D600 glucose lysine 
(g/L) (g/L) 

10 13287:pBHb3 3.5 64 0.1 
13287:np 3.7 74 0.1 

20 13287:pBHb3 23 47 4.4 
13287:np 24 47 4.6 

35 13287:pBHb3 35 20 15 
13287:np 36 27 12 

45 13287:pBHb3 44 5 22 
13287:np 44 11 16 

56 13287:pBHb3 42 0.1 27 
13287:np 43 0.2 21 

The cell yield per glucose consumed is similar in 

both strains: 196 g cells/kg glucose for 13287:pBHb3 

and 201 g cells/kg glucose for 13287:np. The lysine 

10 yield per glucose consumed is 360 g/kg glucose for 

13287:pBHb3 and 289 g/kg for 13287:np. The hemo­

globin containing cells have a lysine yield 25% 

higher than the no-plasmid cells. Also, the lysine 

produced per cell mass is 31% higher in the 

15 hemoglobin-producing cells (1,840 g/kg cells for 

13287:pBhb3 vs 1,400 g/kg cells for 13287:np). 

Accordingly, lysine productivity per cell mass is 31% 

higher in the hemoglobin containing cells (32.9 g/kg 

cells/h for 13287:pBHbJ and 25.0 g/kg cells/h for 

20 13287:np). 

25 

Table 3.2 shows the results from the off-gas analysis 

during the lysine production period for the 

13287:pBHb3 and 13287:np fermentations. 

Table 3.2: 

Time OUR PQ 
(h) (mmol/L/h) 

35 13287:pBHb3 11.2 0.98 
13287:np 7.60 1.05 

45 13287:pBHb3 10.2 1.06 
13287:np 6.40 0.92 

56 13287:pBHb3 11.1 1.06 
13287:np 6.60 0.94 
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During the lysine production phase (35, 45 and 58 h), 

the oxygen uptake rate (OUR) of 13287:pBHb3 averages 

10.8 mmol/L/h, a 57% higher than the average OUR of 

13287:np during the same time period (6.87 mmol/L/h). 

5 These results indicate that expression of active 

hemoglobin in coryneforms increases lysine yield and 

productivity, and oxygen uptake rate. 

EXAMPLE 24 - CONSTRUCTION OF A TRANSFORMATION VECTOR 
FOR FILAMENTOUS FUNGI 

10 Plasmid pENT 10 is a vector which contains the VHb 

gene driven by the strong fungal promoter TR-1 

isolated from Trichoderma reesei. Selection in fungi 

is by the Sh ble gene product, isolated from 

streptoalloteichus hindustanus, which confers 

15 phleomycin resistance to the host. This gene is 

driven by the fungal promoter GPD isolated from 

Aspergillus nidulans. For bacterial manipulations, 

selection is tetracycline resistance. 

Construction of vector: 

20 A plasmid which confers Tet resistance (Tet r) was 

constructed first as a base for manipulation in 

E. coli. Tet r versus Amp r was chosen for an 

integration plasmid for Penicillium since the Beta­

lactamase product from the Amp r gene is destructive 

25 to the penicillin product and hence would interfere 

with penicillin production results. 

The Tet r vector was constructed by isolating the 

Tet r gene from a pBR322 based vector and cloning it 

into pUC 18 (Yanisch-Perron et al., Gene 33:103 

30 (1985)) so as to disrupt the Amp r gene. The tet r 

gene carried on pVU-2 on an Aval fragment was 

inserted via blunt ends into ScaI-AvaII sites of 
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pUC 18, which inactivtes the amp r gene. The 

resulting vector was named pTAS 18R. 

The cloning of the VHb gene was accomplished by 

isolating the VHb gene from plasmid p TacHb 

5 (Example 5) via a Xba I-Sph I fragment. The TR-1 

10 

promoter fragment was isolated from plasmid pUT 737 

(purchased from CAYLA, France) on a Nde I-Spe I 

fragment. These DNA fragments were ligated to vector 

pTAS 18R cut with Nde I-Sph I. The resulting 

intermediate vector was named pENT 1B. The Sh ble 

gene, GPD promoter and Trp C terminator region were 

isolated from vector pUT 720 (CAYLA, France) by a Eco 

RI-Xba I digest, Klenowed, and inserted into the Bam 

HI site of pENT 1B which had also been treated with 

15 Klenow to remove protruding DNA ends and create a 

blunt end cloning site. The resulting vector was 

named pENT 10. 

. 
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EXAMPLE 25 - TRANSFORMATION OF PENICILLIUM 
CHRYSOGENUM 

PCT/US93/05527 

Transformation into fungi is accomplished by breaking 

down cell walls via enzymatic digestion to form 

5 protoplasts which are then selectively permeable to 

uptake of exogenous DNA. DNA which is transformed 

into fungi is not maintained as plasmid DNA as in 

E.coli but integrated into the host genome. 

Buffers used in procedure 

10 KMC (osmotic stabilization buffer) 
700mM KCl 
50mMC CaC12 
10 mM MES (buffering agent) 

-pH is brought to 5.8 by addition of HCl 

15 Lytic Buffer 
50mM Phosphate buffer pH 5.8 
700mM KCl 

PMC (Aids in uptake of DNA) 
50% PEG 8000 

20 50 mM CaC12 
10 mM MES 

-pH is brought to 5.8 by addition of HCl 

NaCl (osmotically stable wash) 
0.9% soln 
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Basic Procedure for transformation: 

- inoculate conidia in minimal media (200 ml), 

supplemented with 2.5 mM CaC12 and 200µ1 of a 

standard trace element solution. 

5 - grow at 28°C for 40 hours. 

- mycelia are recovered by filtration through a 

30µm filter and washed with a 0.9% solution. 

- Protoplasting and transformation procedures 

were carried out essentially as those described 

10 in Cantoral J.M. et al, Bio/Technology, Vol 5, 

May 1987 pg.494-496. 

- Selection of protoplasts was on minimal osmotic 

media supplemented with 0.5% yeast extract 

containing 20µg/ml of phleomycin (CAYLA, France) 

15 at 28°C and overlayed with the same media in a 

soft agar base after 24 hours. 
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EXAMPLE 27 - EXPRESSION OF A BACTERIAL HEMOGLOBIN IN 
PENICILLIUM CHRYSOGENUM IMPROVES FINAL ANTIBIOTIC 
LEVELS. 

In this example, penicillin production was studied in 

5 hemoglobin-expressing P.chrysogenum and in 

non-expressing control cells in batch fermentations. 

The plasmid pENTlO described in Example 24 was used 

for integration of the Vitreoscilla hemoglobin gene 

into the genome of Penicillium chrysogenum ATCC 

10 48271. 

Medium and conditions: The seed medium was as follows 

(per liter): 30 g glucose, 10 g lactose monohydrate, 

30 ml corn steep liquor, 2 g ammonium sulfate, 5 g 

calcium carbonate, 0.5 g potassium dihydrogen 

15 phosphate, 10 g Pharmamedia, 10 g yeast extract. Two 

hundred ml of the seed medium was inoculated with 

spores to a final concentration of 1 x 108 spores/ml. 

The seed cultures were grown at 30°C for 48 hours at 

220 rpm and were used to inoculate 2-liter 

20 fermentors. The fermentation medium consisted of the 

following (per liter): 120 g lactose monohydrate, 

27.5 g Pharmamedia, 10 g ammonium sulfate, 10 g 

calcium carbonate, 10 g lard oil, 0.5 g fermentation 

cultures were grown at 30°C for 24 hours in B. Braun 

25 MD fermentors. The air flow rate was maintained at 1 

1/min and the dissolved oxygen was controlled at 30% 

of air saturation throughout the fermentation. At 24 

hours, the temperature was reduced to 25°C, keeping 

all other conditions the same, and a phenylacetic 

30 acid (potassium salt) feed was initiated at a rate of 

0.07 g/h. Throughout the duration of the 

fermentation, the off-gas was analyzed by mass 

spectrometry (model 1200, Perkin-Elmer, USA). 

High pressure liquid chromatography (HPLC) was 

35 employed to determine the species and concentrations 

of penicillin present in the fermentation broths. 
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Samples for HPLC analysis were removed from the 

fermentors, filtered through sterile 0.2 um filters 

and frozen at -20°c or assayed immediately. The 

filtrate penicillin concentrations were measured 

5 using a Shimadzu HPLC system. Penicillin G obtained 

from Sigma was used as the standard. Samples, after 

dilution with buffer A, were analyzed for penicillin 

using an AXXI-CHROM C-18 (ODS) column (Cole 

Scientific, Calabasas, CA). Buffer A was a 0.015 M 

10 solution of ammonium acetate in 5% (v/v) methanol. 

Dilutions of the samples and the standard 

preparations were made with this buffer. Buffer B 

was a 0.015 M solution of ammonium acetate in 30% 

(v/v) methanol. The peaks were eluted over a binary 

15 gradient and were detected at 220 nm in a UV 

spectrophotometer (model SPD-6AV, Shimadzu, Japan). 

Peak areas were calculated by an integrator (model 

CR501, Shimadzu, Japan). The levels of penicillin 

concentrations obtained in shake flask cultures were 

20 elevated by greater than 20% in strains transformed 

with the VHb gene relative to control strains. 

EXAMPLE 28 - CLONING OF HMP PROTEIN IN E.coli AND 
TRUNCATED hmp GENES 

A plasmid was constructed for the purpose of 

25 enhancing the expression of the hmp gene 

(hemoprotein) in~ coli. The hmp gene (S.G. 

Vasudevan, et al. Mol Gen Genet, 1991, vol, 226: 49-

58) encodes a 44 kDa protein which has 

dihydropteridine reductase (DHPR). The hmp amino 

30 acid sequence bears great similarity to that of the 

Vitreoscilla hemoglobin (VHb) gene having 46% 

identity through the first 146 amino acids. 

Two synthetic oligomers were prepared based upon the 

drop nucleotide sequence as published by S.G. 

35 Vasudevan. A 25-oligomer encodes the first 18 
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nucleotides of the hmp gene starting from the first 

ATG, preceded by a synthetic restriction enzyme site 

(Xbal) and consists of the sequence 5 1 CTC-TAG-AAT­

GCT-TGA-CGC-TCA-AAC-C 3'. The second 25-obigomer 

5 encodes the complement to the end of the hmp gene 

starting with the first stop codon, preceded by a 

synthetic restriction enzyme site (Kpn 1) and 

consists of the sequence 5 1 AGG-TAC-CTT-ACA-GCA-CCT­

TAT-GCG-A 3'. These two oligomers were used to 

10 perform a PCR reaction in which the template was 

genomic DNA isolated from~ coli strain K-12. A 

1200bp PCR product was generated which restriction 

analysis showed to be the hmp gene. This PCR product 

was digested with Xba 1 and Kpn 1, and ligated to the 

15 plasmid pTacVhb from which the VHb sequence has been 

removed by digestion with Xba 1 and Kpn 1. The 

ligation mix was used to transform competent Jh coli 

ceells and transformants were selected by resistance 

to the antibiotic amplicilin. Several resistant 

20 clones were geneerated from which plasmid DNA was 

isolated. Restriction analysis showed one of the 

plasmids to be correct and it was designatted 

pTac-HMP. The expression of pTac-HMP in~ coli was 

confirmed by a carbon monoxide difference spectrum 

25 technique (Webster and Liu, J. Biol. Chem., 1974). 

The difference spectrum of control cells not 

transformed showed no Co-binding activity, while 

cells transformed with pTac-HMP showed the difference 

spectrum characteristic of cells expressing 

30 functional hemoglobin and hemoglobin-like (hmp) 

proteins. 

Two additional plasmids were constructed which are 

identical to pTac-HMP through that portion of the hmp 

sequence which is similar to the VHb sequence, but 

35 which have the dis-similar hmp sequences removed. 

Plasmid pTac-Bst was constructed by digesting 
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pTac-HMP with Xba 1 and Mlu 1. An approx. 400bp 

fragment was isolated which consists of the first 

portion of the hmp gene from the first ATG to a 

unique Mlu 1 site, and encodes the first 118 amino 

5 acids of the hmp protein. This fragment was ligated 

into plasmid pTac-VHb which had been cut with Xba 1 

and Mlul in-order to remove the first 120 amino acids 

of the VHb gene. Plasmid pTac-Bst thus contains a 

DNA sequence which encodes the first 118 amino acids 

10 of the hmp gene followed by the last 26 amino acids 

of the VHb gene. These two segments are joined at a 

unique Mlu 1 site which both genes have in-common. 

Plasmid pTac-Bst was transformed into .IL.. coli cells 

and expression was confirmed by Western analysis. A 

15 crude cell extract was generated by sonication and 

the proteins separated by SDS-polyacrylamide gel 

electrophoresis. The proteins were transferred to a 

nitrocellulose membrane and screened with polyclonal 

antiserum generated against Vitreoscilla hemoglobin. 

20 A band of identical molecular weight as pure 

hemoglobin was detected in the cell extract. A 

carbon monoxide difference spectrum was performed, 

however no functional protein could be detected by 

this method. 

25 The third plasmid was constructed by using PCR to 

generate a truncated version of the hmp gene and then 

ligating the product into pTacVHb from which the VHb 

sequences had been removed. Specifically, a 23-

oligomer was designed which encodes the complement to 

30 17 nucleotides of the hmp DNA sequence from a region 

aprox. 7 amino acids past the end of the portion of 

the hmp gene which is similar to the VHb gene. These 

17 nucleotides are preceded by an additional 6 

nucleotides which encode the restriction enzyme site 

35 Bsu36I. The Bs36 I site was designed to encode a 

stop codon. This 23-oligomer consists of the 
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sequence 5 1 ACC-TTA-GGC-TTT-GCT-GGC-GTT-TT 3 1 • A PCR 

reaction was carried out using this 23-oligomer and 

the 25-oligomer which codes for the first portion of 

the hmp gene, and using plasmid pTac-HMP DNA for 

5 template. A PCR product of aprox. 440bp was 

generated which restriction analysis showed to be a 

portion of the hmp gene. The 3 1 end of this product 

was digested with the restriction enzyme Bsu36 I and 

made blunt by filling in with DNA polymerase I 

10 (Klenow fragment). This DNA fragment was then cut 

with the restriction enzyme Xba 1 and ligated into 

plasmid pTacVHb which had been cut with EcoRl, been 

made blunt-ended by filling-in with Klenow, and then 

digested with Xba 1 to remove the VHb sequence. The 

15 ligation mix was transformed into competent ]h coli 

cells and a transformant which contained a correct 

plasmid construct as judged by restriction analysis 

was isolated. This plasmid was designated 

pTac-Kl2Hb. The ]h coli clone transformed with 

20 pTac-K12Hb was used for two experiments. Western 

analysis was performed to confirm the expression of 

the truncated hmp gene, however no hybridization to 

Vitreoscilla hemoglobin anti-sera could be detected. 

A carbon monoxide difference spectrum was performed, 

25 but no functional hmp protein could be detected. 

EXAMPLE 29 - CONSTRUCTION OF TRUNCATED VERSIONS OF E. 
COLI hmp AND VECTORS FOR EXPRESSION IN E.COLI 

Two plasmids were constructed which are identical to 

pTac-HMP through that portion of the hmp sequence 

30 which is similar to the VHb sequence, but which have 

the dis-similar hmp sequences removed. Plasmid pTac­

Bst was constructed by digesting pTac-HMP with Xba 1 

and Mlu 1. An aprox. 400bp fragment was isolated 

which consists of the first portion of the hmp gene 

35 from the first ATG to a unique Mlu 1 site, and 
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encodes the first 118 amino acids of the hmp protein. 

This fragment was ligated into plasmid pTacVHb which 

had been cut with Xba 1 and Mlu 1 in order to remove 

the first 120 amino acids of the VHb gene. Plasmid 

5 pTac-Bst thus contains a DNA sequence which encodes 

the first 118 amino acids of the hmp gene followed by 

the last 26 amino acids of the VHb gene. These two 

segments are joined at a unique Mlu 1 site which both 

genes have in-common. Plasmid pTac-Bst was 

10 transformed into E.coli cells and expression was 

confirmed by Western analysis. A crude cell extract 

was generated by sonication and the proteins 

separated by SDS-polyacrylamide gel electrophoresis. 

The proteins were transferred to a nitrocellulose 

15 membrane and screened with polyclonal antiserum 

generated against Vitreoscilla hemoglobin. A band of 

identical molecular weight as pure hemoglobin was 

detected in the cell extract. A carbon monoxide 

difference spectrum was performed, however no 

20 functional protein could be detected by this method. 

The third plasmid was constructed by using PCR to 

generate a truncated version of the hmp gene and then 

ligating the product into pTacVHb from which the VHb 

sequences had been removed. Specifically, a 23-

25 oligomer was designed which encodes the complement to 

17 nucleotides of the hmp DNA sequence from a region 

aprox. 7 amino acids past the end of the portion of 

the hmp gene which is similar to the VHb gene. The 

17 nucleotides are preceded by an additional 6 

30 nucleotides which encode the restriction enzyme site 

Bsu36I. The Bsu36 I site was designed to encode a 

stop codon. This 23-oligomer consists of the 

sequence 5 1 ACC-TTA-GGC-TTT-GCT-GGC-GTT-TT 3 1 • A PCR 

reaction was carried out using this 23-oligomer and 

35 the 25-oligomer which codes for the first portion of 

the hmp gene, and using plasmid pTac-HMP DNA for 
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template. A PCR product of aprox. 440bp was 

generated which restriction analysis showed to be a 

portion of the hmp gene. The 3 1 end of this product 

was digested with the restriction enzyme Bsu36 I and 

5 made blunt by filling in with DNA polymerase I 

(Klenow fragment).· This DNA fragment was then cut 

with the restriction enzyme Xba 1 and ligated into 

plasmid pTacVHb which had been cut with EcoRl, been 

made blunt-ended by filling-in with Klenow, and then 

10 digested with Xba 1 to remove the VHb sequence. The 

ligation mix was transformed into competent E.coli 

cells and a transformant which contained a correct 

plasmid construct as judged by restriction analysis 

was isolated. This plasmid was designated pTac-

15 K12Hb. The E.coli clone transformed with pTac-Kl2Hb 

was used for two experiments. A carbon monoxide 

difference spectrum showed no detectable functional 

activity for the truncated hmp protein. 

EXAMPLE 29 CONSTRUCTION OF VECTOR FOR EXPRESSION OF 
20 HORSE-HEART MYOGLOBIN INC. glutamicum 

A 7.3Kb plasmid was constructed for the expression of 

horse Myoglobin in Coryneform bacteria. Plasmid pGYM 

was digested with restriction enzymes Xbal and SSPl. 

The larger of two fragments was gel isolated. This 

25 fragment contained all of the myoglobin gene and some 

pUC sequence but no promoter. This fragment was 

ligated to a fragment of plasmid pTac-Bst which had 

been first digested with Mlul, made blunt with DNA 

polymerase 1 (Klenow fragment), then digested with 

30 Xbal, the smaller of two fragments having been gel 

isolated. This smaller fragment consists of the Tac 

promoter and some pUC sequence. The two fragments 

were ligated together and transformed into competent 

.E.:._ coli cells. Transformants were screened for 

35 plasmid DNA consisting of the pUC vector having a 
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Tac-Myoglobin insert. One such transformant was 

found and its plasmid DNA, pUC-TacMyo, was isolated 

for further manipulations. Plasmid pUC-TacMyo was 

digested with restriction enzyme Hind III. This 

5 liberated an 800bp fragment consisting of the 

myoglobin gene preceded by the Tac promoter. This 

fragment was gel isolated, made blunt using Klenow, 

and ligated with a deleted version of plasmid pFSl 

(pFSl del). Plasmid pFSl del had been prepared by 

10 first digesting Nhel to remove the Tac-VHb sequence, 

then filling in the ends with Klenow. The pFSl del -

TacMyo. ligation mix was transformed into competent 

Coryneform strain ATTC 13287. One coryneform 

transformant showed a reddish pigment and plasmid 

15 isolated from this transformant was determined to be 

a correct construction by restriction analysis and in 

particular by the presence of a unique EcoRl site 

which is present in the myoglobin sequence but is not 

present in the VHb sequence. This Coryneform 

20 transformant was designated 13287:pFS-TacMyo. The 

expression of functional myoglobin in 13287:pFS­

TacMyo was demonstrated by a carbon monoxide 

difference spectrum. 

EXAMPLE 30 - CONSTRUCTION OF VECTOR FOR THE 
25 EXPRESSION OF SOYBEAN LEGHEMOGLOBIN IS~ coli 

A 5.2Kb plasmid was constructed for the expression of 

a soybean leghemoglobin protein (LHbcl) in~ coli. 

This plasmid, pKK-LHbcl, contains the cDNA to soybean 

leghemoglobin cl cloned into the expression vector 

30 pKK 233-2 (Pharmacia). Specifically, a 3.5Kb plasmid 

pCDl which consists of the E..:.. coli plasmid 

pBluescript SK (Stratagene) with the 600bp insert 

consisting of a cDNA sequence to the soybean 

leghemoglobin cl gene, was used as template in a 

35 polymerase chain reaction (PCR). In order to perform 
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the PCR two DNA oligomers were designed which were 

complementary to the 5 1 and the 3' ends of the 

leghemoglobin cDNA sequence. Each oligomer also 

included an additional 6 bases which code for a 

5 unique restriction site. The oligomer which is 

complementary to the 5 1 end of the+ strand of 

leghemoglobin cl cDNA starts with a Ncol restriction 

site and consists of the sequence 5 1 -tcc-atg-ggt-gct­

ttc-act-gat-aa-31. The oligomer which is 

10 complementary to the 3 1 end of the - strand of 

leghemoglobin cl cDNA starts with a Hind III site and 

consists of the sequence 5 1 -caa-gct-ttt-ttt-ttt-ttt­

ttt-ttt-t-3'. A polymerase chain reaction amplified 

the 600bp LHb cl sequence resulting in a PCR product 

15 having a Ncol site at the 5' end and a Hind III site 

at the 3' end. This PCR product was ligated with the 

cloning plasmid pCR 1000 (Invitrogen). This ligation 

mix was transformed into competent !h coli cells and 

transformants were selected by resistance to the 

20 antibiotic kanamycin. Plasmid DNA was isolated from 

several transformants and screened for the presence 

of full-length LHb cl cDNA sequence by restriction 

analysis and gel electrophoresis. One clone was 

found to be correct and was designated plasmid pTA-

25 LHbcl. Plasmid pTA-LHbcl was linearized with Spel 

which cuts 40bp past the 3 1 terminus of the LHbcl 

insert. The plasmid ends were then made blunt by 

filling in with DNA polymerase 1 (Klenow fragment). 

The LHbcl sequence was removed from the pCR 1000 

30 vector by digestion with Ncol, and this 600bp 

fragment was purified by agarose gel electrophoresis. 

An expression vector, pKK 233-2 (Pharmacia) was 

prepared by first linearizing with Hind III and 

filling in the ends with DNA polymerase 1 (Klenow 

35 fragment), then digesting with Ncol. The purified 

600bp LHbcl fragment and the linearized pKK 233-2 

were ligated together and transformed into competent 
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~ coli cells. Transformants were selected by 

resistance to the antibiotic ampicillin. Plasmid DNA 

was isolated from several transformants and screened 

for the presence of full-length LHbcl sequence by 

5 restriction analysis and gel electrophoresis. One 

clone was found to be correct and designated clone 

pKK-LHbcl. Plasmid pKK-LHbcl was transformed into~ 

coli strains JM101 and LE 392. A single ampicillin 

resistant transformant of each strain was isolated 

10 and designated JMl0l: pKK-LHbcl, and LE 392: pKK­

LHbcl. Expression of functional leghemoglobin was 

confirmed in both transformants by carbon monoxide 

binding assay (Webster, D.A., 1974, J. Biol. Chem. 

249:4257-4260). A crude cell extract was prepared 

15 from each transformant as well as control cells by 

sonication. Cell debris was removed by 

centrifugation and each extract was divided into two 

aliquots. One aliquot from each sample was left 

exposed to air while the second aliquot was saturated 

20 with carbon monoxide. After thirty minutes all air­

exposed and carbon monoxide-saturated aliquots were 

reduced by the addition of dithionite. The 

absorbance spectra from 400 to 500 nm was measured 

for each aliquot. For each sample the difference in 

25 aliquots was plotted. Cell extracts of JMlOl: pKK­

LHbcl and LE 392: pKK-LHbcl showed a difference in 

absorbance between the air-exposed and carbon 

monoxide-saturated aliquots at aprox. 417nm which 

indicates the presence of functional leghemoglobin 

30 protein. 
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EXAMPLE 31 - EXPRESSION OF THE OXYGEN BINDING 
PROTEINS MYOGLOBIN. LEGHEMOGLOBIN, AND HAEMOPROTEIN 
ENHANCES CELL DENSITY IN .E.:_ COLI SHAKE FLASK CULTURES 

Cell densities achieved by .E.:.. coli strain LE 392 and 

5 LE 392 transformed with plasmids pINTl, pGYM (see 

example D), pTac-HMP, and pKK-LHbcl was compared in a 

shake flask culture experiment. Equal amounts of 

exponential phase cells were inoculated into 12.5 ml 

(250ml flasks) of the following medium: lOg/L yeast 

10 extract, 0.5g/L KH2P04, 1.5g/L K2HP04, 4g/l 

(NH4)2S04, 5g/L glucose, 1.0ml/L lM MgS04 7H20, 0.0.5 

ml lOOmM MgC12 2H20, and 0.2ml lOOmM FeC13. The 

medium was supplemented with 1.0ml/L of the following 

trace metal solution: in lOOmls 2.7g FeC13 6H20, 0.2g 

15 ZnCl, 0.2g CaC12 2H20, 0.2g NaMo04 (VI), 0.19g CuS04 

5H20, and 0.05 g boric acid. The medium was further 

supplemented with 1.0ml of the following vitamin 

solution: in 500mls 0.21g riboflavin, 2.7g 

pantothenic acid, 3.0g niacin/nicotanic acid, 0.7g 

20 pyridoxine, 0.03g biotin, and 0.02g folic acid. The 

pH of the medium was adjusted to pH7.3 and maintained 

with 12.lg/L Trisma base. The cells were grown at 

350rpm shaking speed and 37 deg. C. Cell density was 

monitored by measuring absorbance at 600nm in a 

25 spectrophotometer (0D600). Cell density was 

monitored at hourly intervals from 19 to 23 hours 

after inocultion. Maximum cell density was 

determined to be when 0D600 did not increase within 

one hour. The maximum cell density obtained for the 

30 parent .E.:.. coli strain LE 392 and four transformants 

is shown in Table c-1. 
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Table C-1: Effect of the expression of four oxygen­

binding proteins on maximum cell density 

attained by lb. coli strain LE 392. 

strain Protein Product Final 0D600 % of LE 392 

LE 392 9.2 100.0 
LE 392: pINTl Vitreoscilla 12.2 132.6 

hemoglobin 
LE 392: pGYM Horse heart 12.3 133.7 

myoglobin 
LE 392: pTacHMP E. coli 9.8 106.S 

haemoprotein 
LE 392:pKK-LHbcl Soybean 10.7 116.3 

leghemoglobin 

After termination of the shake flask experiment cell 

extracts were prepared from each of the five strains 

and assayed for expression of functional oxygen­

binding activity. Oxygen-binding activity in the 

four transformants was confirmed by the carbon 

15 monoxide difference spectrum technique of Webster 

(1974, J. Biol. Chem. 249:4257-4260). As can be 

seen, all the globin-containing strains outgrew the 

control strain. These proteins are diverse in 

nature, being from animal, plant, and microbial 

20 origin. Because the common function of all the 

proteins is to reversibly bind oxygen, it is probable 

that oxygen-binding is the primary property of these 

proteins that results in growth improvement. 

EXAMPLE 32 - CONSTRUCTION OF PLASMID FOR EXPRESSION 
25 OF MYOGLOBIN 

A plasmid used for the expression of myoglobin in 

Escherichia coli was constructed in the following 

manner. The structural gene encoding horse heart 

myoglobin was synthesized based on its amino acid 

30 sequence [Eur. J. Biochem. 11, 267-277, 1969]. The 

purified gene was then inserted into the E.coli 

pEMBL18+ (Methods Enzymol. 155, 111-119, 1987]. The 

myoglobin gene is under the control of the tac 

promoter. The resulting plasmid, called pGYM, was 

t 
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transformed into~- coli strain LE392 (supE44 supF58 

hsdR514 galK2 galT22 metB1 trpR55 lacYl). 

The presence of functional myoglobin in LE392:pGYM 

cells was confirmed by two methods. First, 

5 LE392:pGYM cells were significantly darker than LE392 

cells without plasmid or containing a plasmid without 

the myoglobin gene. This dark color is due to the 

high intracellular concentrations of heme which is 

bound to the myoglobin protein. Second, carbon 

10 monoxide difference spectral analysis indicated the 

presence of an abundant intracellular CO-binding 

protein in LE392:pGYM cells but not in the control 

cells. Thus, functional myoglobin has been 

demonstated to be expressed in~ coli cells using the 

15 recombinant plasmid pGYM. 

EXAMPLE 33 - EXPRESSION OF MYOGLOBIN IN E.COLI 

The aim of this study was to show that expression of 

the oxygen-binding protein myoglobin in Jh coli 

provides a growth benefit to cells as has been 

20 documented for Vitreoscilla hemoglobin (VHb) [Nature 

331, 633-635, 1988, Patent# 5,049,493). The 

following strains were tested in shake-flask 

cultures: 

Strain 

25 LE392 
LE392:pUC18 
LE392:pGYM 
LE392:pINTl 

Comment 

Host strain (without plasmid) 
Plasmid control strain 
Myoglobin-expressing strain 
Hemoglobin-expressing strain 
[J. Mol. Biol. 210, 79-89, 1989) 

30 The experimental cultures contained 12.5 mL of 

glucose semi-defined medium {see EXAMPLE 32) in 

250 mL erlenmeyer flasks shaken at 250 rpm in a New 

Brunswick G24 incubator at 37°C. The flasks were 

seeded with a 0.5% (v/v) inoculum of late 

35 expoinential-phase cells. The culture optical 
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densities (ODs) were measured between 22-24 hrs, when 

the cultures had reached their maximum ODs. The 

maximum cell ODs are shown below: 

Strain 

5 LE392 
LE392:pUC18 
LE392:pGYM 
LE392:pINT1 

Comment 

6.06 
6.02 
9.70 
10.14 

As can be seen, the myoglobin (LE392:pGYM) and the 

10 hemoglobin LE392:pINT1) cells outgrew the control 

cells by 60% and 67%, respectively. This result 

indicates that myoglobin provides a similar benefit 

to cell growth as Vitreoscilla hemoglobin. Because 

the function of both proteins is to reversibly bind 

15 oxygen, it is probable that oxygen binding is the 

primary proeprty of these proteins that reuslsts in 

growth improvement. 

EXAMPLE 34 - EXPRESSION OF MYOGLOBIN IS NOT STRAIN 
SPECIFIC 

20 To test whether expression of myoglobin results in 

improved growth of an~ coli strain with a different 

genetic background than LE392, pGYM was transformed 

into strain MG1655 (K12, lambda-). A growth 

experiement similar to the previous example was 

25 performed. The only difference in the growth 

conditions ws that Tris-HCl was not added to the 

medium. This resulted in slightly lower maximum ODs. 

The pGYM (myoglobin) strain was compared to the pUC18 

control strain. The maximum culture ODs are shown 

30 below. 

Strain 

MG1655:pUC18 
MG1655:pGYM 

Maximum OD (A600) 

5.23 
6.63 
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Thus, ~ coli strain MG1655 expressing myoglobin 

demonstrates a 27% improvement in growth over the 

control, indicating that the beneficial effect of 

myoglobin is not strain specific. 

5 EXAMPLE 36 - GROWTH OF ENHANCEMENT OF E.COLI IN 
BATCH FERMENTATION 

The growth properties are compared of the recombinant 

strains expressing Vitreoscilla hemoglobin 

(LE392:pINTl}, horse heart myoglobin (LE392:pGYM}, 

10 soybean leg hemoglobin (LE392:pKK-LHbcl}, and E.coli 

hemoprotein (LE392:pTac-HMP) with similr plasmid­

containing (LE392:pUC18) and plasmid free (LE392) 

cells under typical batch fermentation conditions. 

Cells were grown in B. Braun MD fermentors at 

15 37±0.5°C and pH of 7±0.05 with a working volume of 2 

Lin the semi-defined medium described in Example c. 
A constant air flow rate of 2 L/min and agitator 

speed of 700 rpm were maintained throughout each run. 

In all cases, the dissolved oxygen (DO) levels 

20 remained above 5% of air saturation under those 

aeration conditions. 

Results: 

The growth parameters measured for the six strains 

are listed in the following table: 

LE392: LE392: LE392: LE392: LE392: LE392 
pUC18 pINTl pGYM pKK- pTac- (PLASMID 

LHbcl HMP FREE) 
25 Log-phase 0.76 0.95 0.95 1.03 0.87 0.92 

growth rate 
(1/h) 
Stationary 4.2 7.6 7.5 7.6 7.4 7.5 
phase cell 

30 density OD 
(600 run) 
Final total 0.96 1.15 1.22 1.30 1.36 1.28 
protein (g/L) 

Conclusion: 
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Cells containing hemoglobins grow faster and to 

higher cell densities than comparable plasmid­

containing controls. 

EXAMPLE 36 - THE PRESENCE OF OXYGEN BINDING 
5 HEMOGLOBINS IN CORYNEBACTERIUM GLUTAMICUM ENHANCES L­

LYSINE PRODUCTION AND YIELD. 

In this example, production of lysine in batch 

termination by~ glutamicum ATCC 13287 transformed 

with plasmid pFSl (Vitreoscilla hemoglobin) and with 

10 plasmid pMYO (myoglobin) was measured and compared to 

that of the parent strain (no plasmid). 

~ glutamicum ATCC 13287:pFSl, ~ glutamicum ATCC 

13287:pMYO, and~ glutamicum ATCC 13287:no-plasmid 

cells were grown in 250-mL shake flasks at 30°C and 

15 250 rpm in the following synthetic medium: glucose, 

60 g/L; yeast extract, 2 g/L; ammonium sulfate, 55 

g/L; magnesium sulfate (heptahydrate), 0.8 g/L; 

potassium phosphate, 1 g/L; manganese sulfate 

(tetrahydrate), 0.01 g/L; ferrous sulfate 

20 (heptahydrate), 0.01 g/L; biotin, 100 µg/L; thiamine­

HCl, 200 µg/L; L-leucine, L-methionine and L­

threonine, 200 mg/Leach; pH 7.0. These cells were 

used to seed the fermentors. 

Fermentations were conducted in 3-L B. Braun MD 

25 fermentors in the medium described above, at 30°C and 

udner constant air sparging (1.0 L/min). Initially, 

the impeller agitation rate was constant. During 

that time, the dissolved oxygen concentration 

gradually decreased. When the dissolved oxygen 

30 concentration reached 5% of air saturation, the 

agitation rate was adjusted by the fermenter 

controller in order to maintain the dissolved oxygen 

concentration at 5% of air saturation until the end 

of the fermentations. The culture pH was maintained 

,. 
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at pH 7.0 by the ferrrmentor pH controller by 

periodic additions of 4 N sodium hydroxide. 

Samples were taken at different times throughout the 

fermentations. Glucose and lysine concentrations 

5 were determined by HPLC. Optical density was 

measured at 600 nm using a Beckman spectrometer. An 

0D600 of 1.0 corresponds to a cell mass of 0.35 g 

dw/L. Vitreoscilla hemoglobin and myoglobin 

expression was stable throughout the fermentation as 

10 demonstrated by Western electroblotting of the 

samples taken. The oxygen-binding proteins produced 

by both 13287.pFSl and the myoglobin produced by 

13287:pMYO were biologically active as demonstrated 

by carbon monoxide binding assay. 

15 Table 2.1 shows the optical density, glucose and 

lysine concentration as a function of time for 

13287:pFSl, 13287:pMYO, and 13287:np. 

Table 2.1: 

Time 
20 (h) 

7.5 

24 

28 

13287:pFSl 
13287:pMYO 
13287:np 

13287:pFSl 
13287:pMYO 
13287:np 

13287:pFSl 
13287:pMYO 
13287:np 

16.3 
17.0 
23.4 

45.2 
48.4 
46.0 

52.4 
51.6 
53.2 

glucose 
(g/L) 

43.8 
37.2 
38.5 

7.7 
8.4 
7.1 

o.o 
0.0 
0.0 

lysine 
(g/L) 

0.8 
1.0 
1.5 

8.2 
8.1 
6.6 

12.0 
11.3 
9.3 

The cell yield per glucose consumed is similar in all 

25 the strains: 305 gcells/kgglucose for 13287:pFSl, 302 

gcells/kgglucose for 13287:pMYO, and 310 

gcells/kgglucose for 13287:np. The lysine yield per 

glucose consumed is 200 g/kkglucose for 13287:pFSl, 

188 g/kgglucose for 13287:pMYO, and 155 g/kgglucose 
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for 13287:np. Vitreoscilla hemoglobin-containing 

cells have a lysine yield 29% higher than the 

no-plasmid cells, and myoglobin-containing cells have 

a lysine yield 21% higher than the no-plasmid cells. 

5 Lysine productivity per cell mass is 31% higher in 

the Vitreoscilla hemoglobin containing cells (23.4 

g/kgcells/h for 13287:pFSl and 17.9 g/kgcells/h for 

13287:np}. Also, lysine productivity per cell mass 

is 25% higher in the myoglobin containing cells (22.3 

10 g/kgcells/h for 13287:pMYO and 17.9 g/kgcells/h for 

13287:np). 

These results indicate that expression of an active 

oxygen binding protein such as Vitresocilla 

hemoglobin or myoglobin in coryneforms increases 

15 lysine accumulation; yield, and productivity. 
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(B) REGISTRATION NUMBER: 
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(C) REFERENCE/DOCKET NUMBER: 
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(A) TELEPHONE: 

(415) 772-6432 

(B) TELEFAX: 

(415) 772-6268 

(C) TELEX: 

184-996 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 

10 745 base pairs 

15 

( ii) 

(iii) 
20 (iv) 

(v) 

(B) TYPE: 

nucleic acid 

(C) STRANDEDNESS: 

single 

(D) TOPOLOGY: 

linear 

MOLECULE TYPE: 
cDNA to genomic RNA 
HYPOTHETICAL: 
ANTI-SENSE: 
ORIGINAL SOURCE: 

NO 
NO 

PCT/US93/05527 

,. 
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(A) ORGANISM: 
(B) STRAIN: Vitreoscilla sp. 
(C) INDIVIDUAL ISOLATE: 
(D) DEVELOPMENT STAGE: 

5 (E) HAPLOTYPE: 
(F) TISSUE TYPE: 
(G) CELL TYPE: 

..- (H) CELL LINE: 
(I) ORGANELLE: 

10 (vi) IMMEDIATE SOURCE: 
(A) LIBRARY: 

"' (B) CLONE: pRED2 
(ix) PUBLICATION INFORMATION: 

(A) AUTHORS: Wakabayashi et. al. 
15 (B) TITLE: 

(C) JOURNAL: Nature 
(D) VOLUME: 322 
(E) ISSUE: 
(F) PAGES 483 

20 (G) DATE: 1986 
(H) DOCUMENT NUMBER: 
(I) FILING DATE: 
(J) PUBLICATION DATE: 
(K) RELEVANT RESIDUES: 
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(x) A SEQUENCE DESCRIPTION:SEQ ID NO:,l: 

AAGCTTAACG GACGCTGGGG TTAAAAGTAT TTGAGTTTTG ATGTGGATTA AGTTTTAAGA 60 

GGCAATAAAG ATTATAATAA GTGCTGCTAC ACCATACTGA TGTATGGCAA AACCATAATA 120 

ATGAACTTAA GGAAGACCCT C ATG TTA GAC CAG CAA ACC ATT AAC ATC ATC AAA GCC ACT 180 
Met Leu Asp Gln Gln Thr Ile Asn Ile Ile Lys Ala Thr 

5 m~~m~~w~m~m~~mmmAAA AAC TTG TTT 240 ... 
Val Pro Val Leu Lys Glu His Gly Val Thr I le Thr Thr Thr Phe Tyr Lys Asn Leu Phe 

GCC AAA CAC CCT GAA GTA CGT CCT TTG TTT GAT ATG GGT CGC CAA GAA TCT TTG GAG CAG 300 
Ala Lys His Pro Glu Val Arg Pro Leu Phe Asp Met Gly Arg Gin Glu Ser Leu Glu Gin r--

CCT AAG GCT TTG GCG ATG ACG GTA TTG GCG GCA GCG CAA AAC ATT GAA AAT TTG CCA GCT 360 
10 Pro Lys Ala Leu Ala Met Thr Val Leu Ala Ala Ala Gin Asn I le Glu Asn Leu Pro Ala 

ATT TTG CCT GCG GTC AAA AAA ATT GCA GTC AAA CAT TGT CAA GCA GGC GTG GCA GCA GCG 420 
I le Leu Pro Ala Val Lys Lys I le Ala Val Lys His Cys Gin Ala Gly Val Ala Ala Ala 

CAT TAT CCG ATT GTC GGT CAA GAA TTG TTG GGT GCG ATT AAA GAA GTA TTG GGC GAT GCC 480 
His Tyr Pro Ile Val Gly Gln Glu Leu Leu Gly Ala Ile Lys Glu Val Leu Gly Asp Ala 

15 GCA ACC GAT GAC ATT TTG GAC GCG TGG GGC AAG GCT TAT GGC GTG ATT GCA GAT GTG TTT 540 
Ala Thr Asp Asp Ile Leu Asp Ala Trp Gly Lys Ala Tyr Gly Val Ile Ala Asp Val Phe 

ATA CAA GTG GAA GCA GAT TTG TAC GCT CAA GCG GTT AGA T AAAGTTTCAG GCCGCTTTCA 600 
I le Gin Val Glu Ala Asp Leu Tyr Ala Gln Ala Val Glu 

GGACATAAAA AACGCACCAT AAGGTGGTCT TTTTACGTCT GATATTTACA CAGCAGCAGT 660 

20 TTGGCTGTTG GCCAAAACTT GGGACAAATA TTCGCCTGTG TAAGAGCCCG CCGTTGCTGC 720 

GACGTCTTCA GGTGTGCCTT GGCAT 745 
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(3) INFORMATION FOR SEQ ID NO:A: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 
146 amino acids 

(B) TYPE: 
amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: 
linear 

(ii} MOLECULAR TITLE: 
protein 

(A) DESCRIPTION: 
Vitreoscilla hemoglobin 

NO 

PCT/US93/05527 

(iii) HYPOTHETICAL: 

(v) FRAGMENT TYPE: 

(iv) ORIGINAL SOURCE: 

(A) ORGANISM: 

INTERNAL FRAGMENT 

Vitreoscilla sp. 

(ix) FEATURE: 

(A) NAME/KEY: Vitreoscilla hemoglobin 

protein 

(B) LOCATION: 

(C) IDENTIFICATION METHOD: western 

analysis 

(D) OTHER INFORMATION: binds oxygen 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: Wakabayashi et. al. 

(B) TITLE: 

(C) JOURNAL: Nature 

(D) VOLUME: 

(E} ISSUE: 

322 

(F) PAGES 483 

(G) DATE: 1986 
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(xi) A SEQUENCE DESCRIPTION:SEQ ID NO:~: 

5 10 

Met-Leu-Asp-Gln-Gln-Thr-Ile-Asn-Ile-Ile-

15 20 

5 Lys-Ala-Thr-Val-Pro-Val-Leu-Lys-Glu-His-

·25 30 

Gly-Val-Thr-Ile-Thr-Thr-Thr-Phe-Tyr-Lys-

35 40 

Asn-Leu-Phe-Ala-Lys-His-Pro-Glu-Val-Arg-

10 45 50 

Pro-Leu-Phe-Asp-Met-Gly-Arg-Gln-Glu-Ser-

55 60 

Leu-Glu-Gln-Pro-Lys-Ala-Leu-Ala-Met-Thr-

65 70 

15 Val-Leu-Ala-Ala-Ala-Gln-Asn-Ile-Glu-Asn-

75 80 

Leu-Pro-Ala-Ile-Leu-Pro-Ala-Val-Lys-Lys-

85 90 

Ile-Ala-Val-Lys-His-Cys-Gln-Ala-Gly-Val-

20 95 100 

Ala-Ala-Ala-His-Tyr-Pro-Ile-Val-Gly-Gln-

105 110 

Glu-Leu-Leu-Gly-Ala-Ile-Lys-Glu-Val-Leu 

115 120 

25 Gly-Asp-Ala-Ala-Thr-Asp-Asp-Ile-Leu-Asp-

125 130 

Ala-Trp-Gly-Lys-Ala-Tyr-Gly-Val-Ile-Ala-

135 140 

Asp-Val-Phe-Ile-Gln-Val-Glu-Ala-Asp-Leu-

30 145 150 

Tyr-Ala-Gln-Ala-Val-Glu 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A recombinant-DNA method for production of 
• an oxygen-binding protein in a host cell grown in the 

r 

5 presence of of oxygen, said host cell being chosen 
and derived from a selection of cells consisting of 
microorganisms and cells of multi-cellular organisms 
selected from the group consisting of animals, plants 
and insects comprising: 

10 (a) preparing a portable DNA sequence capable of 

directing a host cell to produce a protein 

having oxygen-binding activity; 

(b) introducing said portable DNA sequence into a 
host cell capable of expressing said protein; 

15 (c} growing the host cell under conditions appro-
priate for expression of said protein. 

2. A method according to Claim 1 wherein said 
host cell is grown in culture. 

3. A method according to Claim 1 further 

20 comprising the steps: 

25 

(d) in either order: 

(i} harvesting said protein; and 

(ii) permitting said protein to assume an 

active structure whereby it possesses 

oxygen-binding activity. 

4. The method of Claim 1, wherein said portable 
DNA sequence is introduced directly and integrated 
into the chromosome of a host cultured cell. 
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5. The method of Claim 1, wherein said portable 

DNA sequence is introduced into said host cultured 

cell by the following steps: 

(a) cloning the portable DNA sequence into a 

5 vector capable of being transferred into 

and replicating in a host cell, such 

vector containing operational elements 

for the portable DNA sequence; 

10 

15 

(b) transferring the vector containing the 

portable DNA sequence and operational 

elements into a host cultured cell 

capable of expressing said oxygen­

binding protein; 

(c) culturing the host cell under conditions 

appropriate for replication and 

propagation of the vector and expression 

of said protein. 

6. The method of Claim 1 wherein said host 

microorganisms are selected from the group consisting 

20 of bacteria, fungi, molds, and yeast. 

7. The method of Claim 6 wherein said host 

organism comprises yeast. 

8. The method of Claim 1 wherein said protein is 

harvested prior to being permitted to assume said 

25 active structure. 

9. The method of Claim 1, wherein said protein 

is allowed to assume said active structure prior to 

being harvested. 
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10. The method of Claim 2, wherein said vector is 

amplified in a microbial host prior to transfer into 

the host cell. 

11. A method according to Claim 5 wherein said 

5 host comprises Penicillium chrysogenum. 

10 

12. A process for subjecting the expression of a 

selected DNA sequence encoding an oxygen-binding 

protein to external control under given environmental 

conditions which comprises the steps of: 

(a) providing at least one selected isolated 

structural gene that is responsive to a Vitreoscilla 

hemoglobin promoter/regulator DNA sequence under the 

given environmental conditions; and 

(b) operatively fusing the selected 

15 structural gene with said promototer/regulator DNA 

sequence. 

13. The process of Claim 12, wherein said 

structural gene is transcriptionally responsive. 

14. The process of Claim 12, wherein said 

20 structural gene is translationally responsive. 

25 

15. A method for expressing an oxygen-binding 

protein in a host E.coli cultured cell, comprising: 

(a) introducing into said host cultured cell 

a DNA expression vector containing a DNA sequence 

according to SEQUENCE No. 1, and DNA sequences coding 

for said oxygen-binding protein; and 
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(b) growing said host cultured cell in an 

appropriate medium and environment and isolating said 

oxygen-binding protein. 

16. The method of Claim 15, wherein said DNA 

5 expression vector is a portable DNA sequence, and is 

introduced directly and integrated into the 

chromosome of a host cultured cell. 

17. A method for increasing the growth 

characteristics, including the growth yield, the 

10 growth rate, and the achievable cell density under 

controlled circumstances, of a host cultured cell 

grown in the presence of oxygen, said host cultured 

cell being chosen and derived from a selection of 

cultured cells consisting of microorganisms and cells 

15 obtained from multi-cellular organisms selected from 

the group consisting of animals, plants and insects 

comprising: 

20 

(a) preparing a portable DNA sequence capable of 

directing said host cultured cell to produce 

a protein having at least some oxygen-binding 

activity; 

(b) introducing said portable DNA sequence into a 

host cultured cell capable of expressing at 

least some oxygen-binding protein; 

25 (c) culturing the host cell under conditions 

appropriate for expression of the protein. 

18. The method of Claim 17, wherein said portable 

DNA sequence is introduced directly and integrated 

into the chromosome of a host cultured cell. 
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19. The method of Claim 17, wherein said portable 

DNA sequence is introduced into said host cultured 

cell by the following steps: 

(a) cloning the portable DNA sequence into a 

vector capable of being transferred into and 

replicating in a host cell, such vector 

containing operational elements for the 

portable DNA sequence; 

(b) transferring the vector containing the 

portable DNA sequence and operational 

elements into a host cultured cell capable of 

expressing at least some of the oxygen-

binding protein; and 

(c) culturing the host cell under conditions 

appropriate for replication and propagation 

of the vector and expression of the protein. 

20. A method for increasing the production of 

proteins, both those normally made and those 

expressed as a result of genetic engineering; 

20 biopolymers; amino acids; antibiotics; and other 

metabolic products, of a host cultured cell grown in 

the presence of oxygen, said host cultured cell being 

chosen and derived from a selection of cultured cells 

consisting of_microorganisms and cells obtained from 

25 multi-cellular organisms selected from the group 

consisting of animals, plants and insects comprising: 

(a) preparing a portable DNA sequence capable of 

directing a host cultured cell to produce a protein 

having oxygen-binding activity; 
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(b) introducing said portable DNA sequence into a 

host cultured cell capable of expressing at least 

some oxygen-binding protein; 

(c) culturing the host cell under conditions 

5 appropriate for expression of the oxygen-binding 

protein. 

21. A method according to Claim 20 wherein 

production of said oxygen-binding protein increases 

production of L-lysine in said host cell. 

10 22. A method according to Claim wherein 

productions of said oxygen-binding protein increases 

production of Penicillin Gin said host cell. 

23. A method for transporting and supplying 

oxygen to oxygen-requiring processes and operations, 

15 comprising: 

{a) preparing a portable DNA sequence capable of 

directing a host cultured cell to produce a protein 

having oxygen-binding activity; 

{b) introducing said portable DNA sequence into a 

20 host cultured cell capable of expressing at least 

some oxygen-binding protein; 

{c) culturing the host cell under conditions 

appropriate for expression of the protein; 

(d) effectively delivering said host cell or a 

25 preparation from said host cell containing the 

oxygen-binding protein to said oxygen-requiring 

process. 

r 
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24. A method for the binding and removal of oxygen 

from an environment comprising: 

(a) preparing a portable DNA sequence capable of 

directing a host cultured cell to produce a protein 

5 having oxygen-binding activity; 

(b) introducing said portable DNA sequence into a 

host cultured cell capable of expressing at least 

some oxygen-binding protein; 

(c) culturing the host cell under conditions 

10 appropriate for expression of the oxygen-binding 

protein; and 

(d) effectively delivering said host cell or a 

preparation from said host cell containing the 

oxygen-binding protein to said oxygen-containing 

15 environment. 

25. A method for increasing the growth character-

istics, including the growth yield, the growth rate, 

and the achievable cell density under controlled 

circumstances, of a cell in culture, said host 

20 cultured cell being chosen and derivatized from a 

selection of cultured cells consisting of micro­

organisms and cells obtained from multicellular 

organisms selected from the group consisting of 

animals, plants, and insects, said cell being capable 

25 of producing an endogenous protein having at least 

some oxygen-binding activity, comprising culturing 

said host cell under conditions appropriate for 

expression of said oxygen-binding protein. 

26. A method for increasing the production of 

30 proteins, both those normally made and those 

expressed as a result of genetic engineering, 
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biopolymers; amino acids; antibiotics; and other 

metabolic products, of a host cultured cell grown in 

the presence of oxygen, said host cultured cell being 

chosen and derived from a selection of cultured cells 

5 consisting of microorganisms and cells obtained from 

multi-cellular organisms selected from the group 

consisting of animals, plants and insects, said cell 

being capable of producing an endogenous a protein 

having at least some oxygen-binding activity, 

10 comprising culturing said host cell under conditions 

appropriate for expression of said oxygen-binding 

protein. 

27. A method for the binding and removal of 

oxygen from an environment comprising the 

15 introduction of a host cultured cell to said oxygen­

containing environment, said host cultured cell 

expressing a protein which possesses at least some 

oxygen-binding activity. 

r 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 611 of 3341

WO 93/25697 

Aat 

E. c,li 
ori 

( 

VITREOSC/LLA 
HEMOGLOBIN 
GENE REGION 

II 6 

Aat 

pUC19/p RED2 
4.9 kb 

Amp 

FIG. L 

ter 

p WLD 5 
8.5 kb 

ter 

FIG. 2A. 

PCT/US93/05527 

p1J101 ori 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 612 of 3341

WO93/25697 

) 

VITREOSCILLA 
HEMOGLOBIN 

GENE PROMOTER 

2/6 

ter 

pWLD 10 
9.9 kb 

ter 

FIG. 28. 

Miu l (10671) Xba H2) 

Hind m (10111) 

8am Hl(9644) 

Born HH8276) 
pBHb3 

( 11.2 kb) 

PCT/US93/05527 

plJ 101 ori 

B. LACTOfERNENTUN ORIGIN 
OF REPLICATION REGION 

Niu 1(1895) 

VHb Hind m (3700) 
Sph l (3858) 

Miu I l4262) 
Bsu36 I (4573) 

Ampr 

FIG. 3. 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 613 of 3341

s 

W093/25697 

"" _,J 
_,J 

Loi.I 
c.:, 

< 
0.. -a'\ 
::t 

PCT/US93/05527 

3/6 

101---...-----.----y----.----~--7 

IDS 
0 2 

30 
-o-VHb-0.0 

25 -e- VHb-0.1 

-8- VHb-0.5 
20 

-a- CHO·tPA 

15 

10 

5 

00 

3 
TIME, DAY 

FIG. 4A. 

2 3 
TIME, DAY 

FIG. 48. 

4 

_,._VHb-0.0 
-a- VHb-0.1 

-A- VHb-0.5 

--X- CHO-tPA 

5 

4 

6 

5 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 614 of 3341

WO93/25697 PCT/US93/05527 

4/6 

6 

-er VHb-0.0 

5 -e- VHb-0.1 
en 
...J 

-J3- VHb-0.5 ...J 
l.&J 

_,, c.:, 

CD 4 -a- CHO-tPA s -< 
Q.. -

c:ft 

3 =t. 

2 

2 3 4 5 
TIME, DAY 

FIG. 4C. 

30 

--o- VHb-0.0 
25 -+- VHb-0.1 

20 --&- VHb-0.5 

~ -11- CHO-tPA -
c:ft 
::, 

15 

10 

5 

2 3 4 5 
TIME, DAY 

FIG. 5A. 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 615 of 3341

WO93/25697 PCT/US93/05527 

5/6 

7 
-0-- VHb- 0.0 

6 -e-- VHb - 0.1 

-0- VHb-0.5 
er., 5 ,., __, __, -a- CHO- tPA ..... 
c..:, 

CD 4 S2 -< 
Q.. - 3 

2 

'o 2 3 4 5 
TIME, DAY 

FIG. 58. 

IQ7.-----~----r----.-----.------.------:i 

er., __, __, ..... 
~ 

__, 10 6 
< 

---- VHb- 0.0 { t-
0 
t-

~ ---- VHb- 0.1 

_._ VHb-0.5 

~ CHO-tPA 

105 
0 2 3 4 5 6 

FIG. 5C. 
TIME, DAY 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 616 of 3341

WO93/25697 

Hind llI(617t )• 

Tth 111 I (6011) 
pBR322 ori 

6/6 
1 23 
I I 
GCTAGCCCGGGGTCGACCTCGAG 
I IJ I I I 

NheI SmaI Sal I XhoI 
Xmal 

Sac I (7251) SV 40 EARLY SPLICE 
REGION 

PCT/US93/05527 

Hpa I (738) SV 40 POLYADENYLATION 
,.....__ BamHI (871) • 

ori 
EARLY PROMOTER 

""'"~ SJ! fl' Hind m (1217)• 
~ V· Bglll (1337) 

~ KpnHf 5 35) 

SV 40 EARLY SPLICE 
REGION 

HpoI (2988)* 
Pst I(4824t SV 40 POLYADENYLATION 

PvuI(4498) BamH1{3121)• 
• SITE NOT UNJOUE EcoRI{3872) Pstl (3666}* 

FIG. 6. 

- 10 :z 
=c -

I.U 8 z 
LU 
::c: 
a:: 6 
0 f"J OD (24h) -E 4 C 

Cl 
0 
to 2 -
c:, 
0 

0 
pUC18 plNT pBST np 

E. coli LE392 

FIG. 7. 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 617 of 3341

-
INTERNATIONAL SEARCH REPORT International application No. 

PCT/US93/05527 

A. CLASSIFICATION OF SUBJECT MATTER 
IPC(5) :C12P 21100, 1/00, 13/04, 13/08, 37/00; C12N 1100, 15/00 

US CL :435/69.1, 172.3, 41. 43, 106, 115, 317.l 
According to lntemationai Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. ; 435/69.1, 172.3, 41, 43, 106, 115, 317.l 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable. search tenns used) 

U.S. Automated Patent System, Biosis, Derwent Biotechnology Abstracts. Keywords: Vitreoscilla, !, .;:,:,,;lobin, haemoglobin, 

oxygen, penicillin, chrysogenum, recombinant, vector, expression. 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

X WO, A, 89/03883 (KHOSLA ET AL) 05 MAY.1989, see claims 1-10, 12-20, 23-

122, 37-39, 50-58. 27 

X WO, A, 92/03546 (SANDER ET AL) 05 MARCH 1992, see claims 1, 2, 6, 20, 21, 

8-12, 14-17 26 

X WO, A, 91/06628 (HUGHES ET AL) 16 MAY 1991, see claims 6- 1,2,6, 17,20,25,26 
y 8, 21-23, 27-29 11, 22 

X Bio/Technology, vol. 9, issued May 1991, Magnolo et al, 1,2,5,6, 10, 17.19. 
y "Actinorhodin production by Streptomyces coelicolor and growth of 20,2,2,2ti 

Streptomyces lividans are improved by the expression of a bacterial 4, 11, 18, 22 

hemoglobin", pages 473-476, see entire document. 

~ Further documents are listed in the continuation of Box C. □ See patent family annex. 

• Special catqoriea of cited documenll: "T" later doc.i,ncnt publiahed after the international filing date or pnority 

'A" doc:umeatdefuungthe gcnenilllllc of the art which ii notconaidercd 
date and not in conflict with the application but cited to undel'IWld tbe 

to be part of particular relCVUICO 
principle or theory underlying lbe invention 

'E" earlier document published an or after lhe intc11111tional filing dote ·x· docwncnt of particular relevance; the claimed invent.ion cannot be 
conaidercd novel or cannot be conaidercd to involve 1111 inventive llep 

'L' docwncnt which may lhrow doubts on priority claim(•) or which is when the document ii taltcn alone 

cited to eolllblioh lhe publication date oF anolher cillltion or other •y• document of particular relcv1111CC; the claimed inventi-0: , • ,·.not be 
apccial reuon (u opccified) 

conaidercd to involve 1111 inventiw •tcp when the d~=ent ia 

·o· document referring to an Ol'III disclosure, use, exhibition or olher combined wilh one or more other•', documenta. ■ucb combination 

mcana being obvioua to • penon aldlled it ·: ,,,,t 

•p· documentpubliahed prior to lhe intcmutional filing date but later lhlln "&' docwnent member of tbc oame pat,;..,. ;.imily 
lhe prionty date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

15 JULY 1993 12 AUG 1993 
- -

Name and mailing address of the ISA/US Authorized officer ~- ~~ A,/A 
Commissioner of Patents and Trademarks 
Box PCT MARYE. MOS~ 1Jf1.~ Z r Washington, D.C. 20231 

Facsimile No. NOT APPLICABLE Teleohone No. (703) 308-0196 

Form PCT/ISA/210 (second sheet)(July 1992)• 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 618 of 3341

-INTERNATIONAL SEARCH REPORT International application No. 

PCT/US93/05527 

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 
t-------,t---------------------------f·--+---------l 
Y Biotechnology and Bioengineering, vol. 22, no. 2, issued February 11, 22 

1980, Ryu et al, "Quantitative Physiology of Penicillium 

y 

y 

chrysogenum in Penicillin Fermentation", pages 289-298, see page 
293, lines 1-12. 

Biotechnology and Bioengineering, vol. 36, issued 20 December 
1990, Ho et al, "Enhancing Penicillin Fermentations by Increased 
Oxygen Solubility Through the Addition of n-Hexadecane", pages 
1110-1118, see abstract. 

EP, A, 0,260,762 (MARTIN ET AL) 23 MARCH 1988, see 
entire document. 

Form PCT/ISA/210 (continuation of second shcct)(July 1992)* 

11, 22 

4, 11, 18, 22 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 619 of 3341

PCT WORLD INTELLEC11.JAL PROPERTY ORGANIZATION 
International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER TIIE PATENT COOPERATION TREATY (PCT) 
(SI) International Patent Classification 6 : (11) International Publication Number: WO 96/17981 

DOlF 4/06 Al 
(43) International Publication Date: 13 June 1996 (13.06.96) 

(21) International Application Number: PCT/US95/15237 (81) Designated States: CA, JP, European patent (AT, BE, CH, DE, 
DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE). 

(22) International Filing Date: 28 November 1995 (28.11.95) 

(30) Priority Data: 
08/315,809 8 December 1994 (08.12.94) us 

(71) Applicant: E.I. DU PONT DE NEMOURS AND COMPANY 
[US/US]; 1007 Market Street, Wilmington, DE 19898 (US). 

(72) Inventor: UY, William, Cheng; 621 Parkridge Drive, 
Hockessin, DE 19707 (US). 

(74) Agents: BIRCH, Linda, D. et al.; E.I. Du Pont de Nemours 
and Company, Legal/Patent Records Center, 1007 Market 
Street, Wilmington, DE 19898 (US). 

(54) Title: PROCESS FOR PRODUCING ZEIN FIBERS 

Published 
With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

10-,-------------------------, 

(S7) Abstract 

t£AT FLOI 
(1/g) 

0 
-0.25°C 

<18.74°C 

-10 

-20 

-30 
46.08°C 

2.57°C 

-40-+---------~-.---------------------1 -100 -50 0 50 100 250 
TaPERATUE (°C) 

The disclosed invention relates to a process wherein zein fibers are prepared by mixing zein and water, preferably between O °C and 18 °C, to form a free-flowing, particulate mixture; heating the mixture to a temperarurc of about 45 •c to about 80 •c while simultaneously 
extruding the mixture through a spinneret to form zein fibers which are subsequently treated with a formaldehyde stabilizing solution and drawn. This process obviates the need for environmentally unfriendly alkaline solutions and acid coagulating baths. 
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TITLE 
PROCESS FOR PRODUCING ZEIN FIBERS 

FIELD OF THE INVENTION 

PCT/US95/15237 

This invention relates to processes for making 
5 fibers from the corn protein, zein. This invention 

specifically relates to improved, environmentally 
friendly methods for making zein fibers. 

BACKGROUND OF THE INVENTION 
Zein is a naturally occurring polymeric protein, 

10 obtained as a product of industrial corn processing. 
Compared to most proteins, zein is characterized by a 
relative deficiency of hydrophilic groups. In zein, the 
high proportion of nonpolar and acid amide side chains 
accounts for the solubility of zein in organic solvents 

15 and its classification as a prolamine. 
Zein is essentially a globular protein in its 

natural state. Due to its deficiency of hydrophilic 
groups, zein does not dissolve easily in aqueous 
solutions. Hence most known processes to make zein 

20 fibers employ an alkaline solution to initially hydrate 
and dissolve the zein, realigning it as desired (e.g., 
by spinning) and finally stabilizing the new alignment 
by inducing cross-linking. Most often the alkaline zein 
solution is wet spun into acidic coagulating baths. 

25 Some processes add formaldehyde to the alkaline zein 
solutions. After spinning, cross-linking can be induced 
by treatment in coagulating baths containing 
formaldehyde, and stabilizing with subsequent treatment 
with formaldehyde. C. B. Croston et al., describe such 

30 a process in "Zein Fibers ... Preparation by Wet 
Spinning", Industrial and Engineering Chemistry, 37(12) 
(1945) 1194-1198. Croston et al. call for zein 
solutions for spinning containing approximately 13 to 
16.5% solids, in the pH range of 11.3 to 12.7. In some 

35 experiments, denaturing or gelling agents, such as urea 
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or alcohol were added, or denaturing was effected by 

applying heat. Formaldehyde was also tested as an 

additive to the spinning dispersions. The resulting 
fibers went into a coagulating bath containing sulfuric 

5 acid, acetic acid and sometimes zinc sulfate, and were 

then treated with a mild formaldehyde precuring bath. 
This precuring bath was found to be necessary prior to 

the final stretching of the fiber tow which was 

accomplished in water between two variable speed reels. 
10 The environmental implications of such processes 

15 

are a major prohibition to commercialization today. The 
expense of treatment and disposal of the acids, salts 

and organic compounds required in such processes make 

production of zein fibers economically impractical. 

A few processes have made zein articles from 
mixtures comprising primarily zein and water. U.S. 

Patent No. 2,521,738 discloses a process to make 

artificial bristles from proteins. The process 
comprises mixing a protein, e.g., casein or zein, with 

20 about 80 to 100 percent of its weight of water, and 
kneading in a mechanical mixer at 80-100°C until a 
homogeneous plastic gel is obtained. The gel is then 

converted into fiber bristles by extruding into air and 

stretching over rolls. The bristles are then treated to 
25 subsequent steps of drawing and hardening solutions, 

which may be a solution of formaldehyde or p-benzo­
quinone. This process deliberately effects gelation, 
since high temperatures and pressures are used, and the 
bristle fibers formed have tenacities in the range of 

30 about 0.8 to about 1.2 grams/denier. 

U.S. Patent No. 3,497,369, discloses a composition 

of zein which is substantially dry and which upon the 

addition of warm water, at a temperature of about 60°C 
to about 100°C, forms a pliable plastic composition 

35 which may be pulled like taffy, molded, or worked with 
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as modeling clay. The composition consists of zein and 
a small portion of plasticizer such as glyceryl 
monoricinoleate. About 5 parts of plasticizer for every 
75 parts of zein is most preferred. The composition can 

5 be molded and allowed to harden to form usable articles, 
such as jewelry. 

SUMMARY OF THE INVENTION 
This invention provides a process for producing 

zein fibers, comprising the steps of: 
10 (a) mixing zein with water at a temperature 

of 0°c to ambient; 
(b) heating the mixture to a temperature of 

about 45°c to about 80°C to form a zein hydrate melt; 
(c) forming the zein hydrate melt into zein 

15 fibers; 

(d) treating said zein fibers with a 
stabilizing solution; and 

(e) optionally, drawing said fibers. 
Preferred is a process for producing zein fibers, 

20 wherein in step (a) the zein is mixed with water at a 
temperature of about 0°C to about 18°C to form a free­
flowing particulate mixture, and steps (b) and (c) 
comprise extruding the zein hydrate melt through a 
spinneret using an extruder having a plurality of zones, 

25 the initial zones of said extruder having an ambient 
temperature and the latter zones having a temperature of 
about 40°C to about S0°C. 

BRIEF· DESCRIPTION Of THE DRAWINGS 
Figure 1 shows a temperature versus heat flow curve 

30 measured on a differential scanning calorimeter (DSC) 
for a zein/water mixture containing about 65% by weight 
zein, beginning with the zein mixed with ice at -50°C, 
to determine the hydration temperature of zein. 

Figure 2 shows a temperature versus heat flow curve 
35 measured on a differential scanning calorimeter (DSC) 
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for a zein/water mixture containing about 65% by weight 

zein, beginning at 0°C to determine the melting point of 

zein hydrate. 

DETAILED DESCRIPTION OF INVENTION 
The process of this invention provides a method for 

making zein fibers which avoids the alkaline solutions 

of zein and acidic coagulation baths of previous 

methods. In the process of the present invention, only 

water need be used to form a spinnable material, and the 

10 spun fiber becomes a solid simply through cooling in 

air. There are no by-products to recover or other waste 

products. The process of the present invention 

generally involves the steps of: 

(a) mixing zein with water at a temperature 

15 of 0°C to ambient; 

about 45°C 

fibers; 

20 

solution; 

(b) 

to 

(c) 

(d) 

and 
( e) 

heating the mixture to a temperature of 

about 80°C to form a zein hydrate melt; 

forming the zein hydrate melt into zein 

treating said fibers with a stabilizing 

optionally, drawing said fibers. 

By the term "fibers", as used herein, is meant 

filaments, fibers, yarns, and threads of any denier or 

25 cross-sectional shape and bands or tows consisting of 

any number of such filamentary articles. 

This invention takes advantage of zein hydration 

formation with rising temperature, by forming the zein 

mixture into fibers while heating. As shown in 

30 Figure 1, a plot of heat flow versus temperature for a 

zein/water mixture, hydration begins to occur at 

approximately 18°C. Therefore, when zein is mixed with 

water above 18°C, generally at ambient temperature (20°C 

to 32°C) or room temperature (20°C to 25°C), the zein 

35 hydrates. Zein can be mixed with water at higher 
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temperatures, for example between 32°C and 45°C. 
However, since the zein particles begin to agglomerate 
and become a sticky, soft, dough-like material at those 
temperatures (see Table I), it can be difficult to 

5 handle or convey the zein hydrate as a feed stock to 
mechanical means used in fiber formation. Applicant has 
found that mixing zein and water is easier below ambient 
temperature. 

The present invention demonstrates that preparing a 
10 zein/water mixture at a preferred temperature of about 

0°C to about 18°C prevents the zein particles from 
sticking together and allows the mixture to be more 
easily conveyed or processed. Zein/water mixtures are 
free-flowing mixtures of solid particles at temperatures 

15 between about 0°C and about 18°C, provided the zein and 
water have not previously formed a hydrate. The use of 
this lower temperature during preparation facilitates 
dispersion of the zein in water, which has been 
problematic in the past where strongly alkaline 

20 solutions were required. 
One way of forming the zein/water mixture having a 

temperature between 0°C and about 18°C is by simply 
spraying ice water onto zein and mixing the two 
components together. Mixing can be performed by simply 

25 kneading by hand or with a stirring rod or by using a 
conventional mixing apparatus. Placing the mixture in a 
container and immersing the container in ice water keeps 
the mixture cold if storage is necessary prior to 
processing. 

30 By using only water in the mixture with zein, 
higher zein concentrations can be used. Generally, zein 
concentrations greater than 50% by weight can be 
employed in the present invention, and can even range as 
high as 70%. Preferably, zein hydrate of the present 

35 invention will comprise approximately 65% zein by 
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weight. This is at least a three time higher 
concentration of zein than the normal 15 to 20% used in 
previous methods of preparing zein fibers. An advantage 
to using high concentrations of zein for fiber 

5 production is that spinning into air or other gases, 
becomes possible, in addition to spinning into a liquid. 
Spinning into a gas can avoid the need for harsh 
chemical coagulating baths of previous methods. 
Previous methods using the lower concentrated solutions 

10 of zein required spinning into a liquid for the fiber to 
remain intact. 

After mixing, the temperature of the mixture is 
raised, if necessary, until hydration occurs which is at 
about 18°C. One way of heating the mixture is by 

15 placing the mixture within a container and immersing the 
container in a hot water bath having a temperature 
between about 45°C and about 80°C. Another way to heat 
the mixture is by feeding the zein/water mixture into an 
extruder having means for heating, such as with 

20 electrically controlled zones. As the globular, 
amorphous zein hydrate structure is formed and then 
melts, it can be formed into fibers by various 
mechanical means, typically using melt-spinning methods. 
Generally, melt spinning is preferable over wet spinning 

25 and dry spinning in the industry, in that not only is it 
a simpler process not requiring coagulation baths or 
solvent evaporation, but it operates at higher speeds 
with the resultant fiber displaying more uniform 
properties throughout. 

30 As the temperature increases, a problem that must 
be overcome when handling zein hydrate is that of 
gelation. Zein hydrate will gel with time to give a 
solid mass that is not readily processable to melt­
spinnable fibers thus making it impractical for most 

35 commercial fiber purposes. The rate of gelation varies 
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with the temperature of the zein hydrate. At 
temperatures of about 80°c or more, zein hydrate will 
quickly denature and lose its melting and fine fiber 
drawing properties. For example, 65% by weight zein 

5 will denature at 80°C in less than about 15 minutes. 
(See Example 7). Thus the process of heating and 
forming fibers must be done in a timely and temperature­
conscious manner in order to maintain hydrate stability 
and avoid gelation. Hydrated zein of the present 

10 invention is stable for up to about a week at room 
temperature or for a few months at about 0°C. 

The preferred temperature of the zein hydrate for 
fiber formation ranges from about 45°C to about 80°C, 
more preferably from about 55°C to about 63°C. As shown 

15 in Figure 2, at a temperature of about 46°C, zein 
hydrate begins to soften and melt. This zein hydrate 
melt is highly drawable into fibers and is at a 
desirable viscosity for spinning. (See Example 1 and 
Table I.) At temperatures above about 80°C, the zein 

20 hydrate melt rapidly loses it stickiness and ductility, 
making it difficult to draw, and as the temperature 
increases further, the zein hydrate becomes brittle. 

In a preferred embodiment, fiber formation is 
accomplished by feeding zein and water to an extruder 

25 and subsequently to any of the standard spinnerets 
commonly used in the industry. Spinnerets containing 
one or a plurality of orifices can be used as the number 
of orifices in the spinneret has little effect except on 
the rate of fiber production. As discussed above, it is 

30 preferable that zein is mixed with ice water to form a 
mixture having a temperature between 0°C and 18°C, so 
the zein particles do not stick together. This free­
flowing particulate mixture can than be easily fed into 
the extruder. Alternatively, the zein and water can be 

35 added separately to the extruder by metering both 
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ingredients into the feed hopper and mixing them 

together. Separate addition of ingredients to the 

extruder can provide better mixing and gain time against 

gelation as compared to premixing. It is preferable 

5 that the extruder is of the twin screw type and has a 

plurality of zones, each zone having its own temperature 

control. Since at too high temperatures, the tendency 

of extruders and spinnerets to become fouled and plugged 

is increased, preferably the initial zones, i.e., those 

10 zones nearest the feed hopper, are not heated or are at 

ambient temperature thus further delaying formation of 

the hydrate until the mixture reaches the latter zones 

closer to the spinneret. As the mixture is conveyed 

along the screws, it is gradually heated to a 

15 temperature of about 45°C to about 80°C. The latter 

zones which are close to the spinneret should be 

maintained at temperatures which are sufficient to 

promote hydration and subsequently cause the zein 

hydrate to melt but not so high that gelation occurs 

20 rapidly. Preferably, the temperature of the heated 

zones is set about 40°C to 50°C. As the mixture is 

conveyed through the extruder, the mixture attains a 

higher temperature than that set for the heated zones 

because of the heat generated through shear. Generally, 

25 each zone within the extruder is electrically heated and 

water jacketed cooled if needed. Additionally, at least 

the heated zones of the screw extruder should provide 

sufficient mixing of the zein hydrate in the molten 

state prior to spinning. 

30 After reaching the appropriate temperature, the 

zein hydrate melt flows through a transfer line to a 

spin pump, which meters the melt through a spinneret and 

extruded as filaments, which are then quenched in the 

air and may pass through a water bath and onto a winder. 
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Optionally, plasticizer is added to the water 
before preparing the zein/water mixture in order to 
improve flow and, therefore, processability, and to 
reduce the brittleness of the mixture. Generally about 

5 10 to 15% plasticizer by weight is suitable; about 10% 
by weight is preferable. Typical plasticizers comprise 
propylene glycol, and polyethylene glycol having a 
molecular weight below about 600. Screw type extruders 
for use with zein/water mixtures with or without 

10 plasticizer are commercially available. 
The process of forming the zein hydrate and 

extruding its melt through a spinneret to form fibers 
effectively orients the zein molecules. Once oriented, 
the fiber is then stabilized by covalent cross-linking. 

15 Cross-linking is accomplished by treating the fibers 
with a stabilizing solution. By "stabilizing solution" 
it is meant an aqueous solution comprising cross-linking 
agents. By "cross-linking agent" is meant any material 
to which a mixture comprising zein is added that will 

20 cause the zein to become cross-linked. By "cross-linked 
zein" is meant a physical state of zein which will not 
melt when exposed to hot water. Suitable stabilizing 
solutions comprise cross-linking agents, such as 
formaldehyde, as well as optional anti-sticking agents, 

25 such as various salts, i.e., sodium sulfate and sodium 
chloride. The formaldehyde content of the stabilizing 
solution can be as low as 1% by weight or as high as 5%, 
preferably, it is 3%. The sodium sulfate can range as 
high as 20% by weight. The formaldehyde which is 

30 employed in the stabilizing solution of the present 
invention can be added to the stabilizing solution as 
such or it can be added in the form of materials which 
yield formaldehyde or react like formaldehyde under the 
conditions obtained in such stabilizing solutions. For 

35 instance, instead of formaldehyde itself, paraformal-
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dehyde, trioxymethylene, dimethylthiourea, trimethylol­

nitromethane and the like can be used. The fiber is 

immersed in the stabilizing solution for a time period 

sufficient to effect stabilization. Generally, this 

5 will be at least about 2 hours, though the stabilization 

time period will also depend on the concentration of 

crosslinking agent in the stabilizing solution. 

Temperature can also be a factor. If the fiber has 

already been collected on a bobbin, the bobbin can be 

10 taken off line and rewound passing it through the dilute 

aqueous formaldehyde solution. Alternatively, 

formaldehyde can be included in the water used to form 

the zein hydrate. 

Optionally, the fibers can be drawn prior to, 

15 during, and/or after treatment in the stabilizing 

solution to maximize the tensile properties. By 

drawing, it is meant any stretching of continuous 

filament yarn or tow to align and further orient the 

molecules in order to achieve improved tensile 

20 properties. 

Preferably, there is at least one drawing step 

after fiber formation, for example by spinning, to 

achieve the best tensile properties and/or to reduce 

denier. If the drawing step is accomplished prior to 

25 fiber stabilization, drawing should be done in water at 

ambient temperature, since higher temperatures can melt 

the fibers. Although the fibers would draw or lengthen 

at temperatures at or above the melting temperature, 

they would not achieve molecular orientation. Drawing 

30 can also be accomplished after treatment in the 

stabilizing solution, generally at a draw ratio greater 

than about 2. Higher temperatures, up to about the 

boiling point of water, can be used in the water for 

drawing after the stabilization step since the fibers 

35 will not melt at this point. By draw ratio is meant the 
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amount by which the filaments are stretched following 
spinning. Generally, the draw ratio is set by 
controlling the ratio of speeds between the feed roll 
and the take-up roll of the drawing system. Continuous 

5 filaments from a bobbin are wrapped around the feed 
roll, may pass over a hot pin or other heating device or 
hot bath, and are wrapped around the take-up roll, which 
turns faster than the feed roll. The ratio of the take­
up roll to the feed roll is the amount of draw or 

10 stretching on the filament. Multiple-stage drawing 
systems are contemplated as a way to further increase 
tensile properties. 

The fibers prepared by the process of this 
invention are useful in the manufacture of textile 

15 materials, for example, in fabrics used for clothing and 
industrial end usages. 

EXAMPLES 
EXAMPLE 1 

EFFECT OF TEMPERATURE ON ZEIN/WATER MIXTURES 
20 A few grams of zein particles (Freeman Industries, 

Tuckahoe, NY) were dispersed in a small jar containing 
excess distilled water. The jar was then placed in a 
hot water bath and the temperature was raised or lowered 
according to Table I. The temperature of the jar's 

25 content was measured using a thermocouple. The physical 
characteristics of the zein were observed to change with 
temperature as follows: 
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TABLE I 
CHANGES IN ZEIN/WATER MIXTURE WITH TEMPERATURE 

24°c 

32°c 

36°C 

42°c 

50°C 

55-63°C 

83°c 

88°C 

61°C 

Zein oarticles disoersed easilv 

Zein oarticles beaan to aqqlomerate 

Particles comnletelv actctlomerated into a douqh-like mass 

The doucth became softer 

Using tweezers, the zein dough became directly drawable 
into fine filaments and exhibited sheer ooalescence 

The zein doucth melted to a stickv and hiahlv drawable melt 

Doucth lost stickiness and ductilitv 

Douoh became brittle mass 

No chanae; douah did not reaain its melting ability 

EXAMPLE 2 
PREPARATION OF ZEIN FIBERS 

Hydrated zein was prepared as follows. A few grams 
of zein were placed inside a vial containing excess 

distilled water at room temperature. The vial was 

placed in a 60°C water bath. A glass rod was used to 
stir and knead the hydrated zein dough. Further 
kneading was done by hand. Zein fibers were hand formed 

by pulling from the kneaded zein hydrate between two 

10 tweezers into a 52°C water bath or heated in 60°C water 

and quickly drawn in air. The filaments were then 

treated by immersion in a water bath containing: 3% 

formaldehyde, 20% sodium sulfate, 4% zinc sulfate, 4% 

glucose, 2% sulfuric acid and 0.05% cetyl pyridinum 

15 bromide. After 20 hours, the filaments were drawn in 

88°C to 95°C water. The filaments after treatment with 

formaldehyde maintained their integrity and were drawn 

at ratios of 2 to 3x. The drawn filaments were taped to 

cardboard to prevent shrinkage and then air dried. 

20 Fiber tensile (denier per filament (DPF), tenacity, 

elongation, and modulus properties are shown in 

Table II. 
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IASLE lI 
TENSILE PROPERTIES OF ZEIN FIBER 

Fiber Tensile Tenacity Modulus (denier/filament) (arams/denier) Elonaation (arams/denier) 
159 d 0.31 gpd 47%-83% 14 gpd for 90°c 

2x draw 
113 d 0.32 gpd 42% 17 gpd for 90°C 

3x draw 
32 d 0.35 gpd 35%-102% 15-25 gpd for 

95°c 3x draw 

EXAMPLE 3 
EFFECT OF FORMALDHYDE PO$T-IREA'1'MENT 

Hydrated zein was similarly prepared as in 
Example 2. Zein fibers were formed as in Example 2 in 

5 55-60°C water and immersed in a water bath containing 
formaldehyde and other components as described in 
Example 2, for 15 days. Another set of fibers was 
immersed in a similar bath without the formaldehyde for 
15 days. The sample treated without the formaldehyde 

10 was weak and fell apart with the slightest tension in 
cold or hot water. The formaldehyde treated sample was 
more elastic than those of Example 2, which were treated 
for lesser time. Maximum draw was Sx in 56°C water. 
Fiber properties are shown in Table III. 

15 

l:ASLE I I I 
EFFECT OF FORMALDEHYDE TREATMENT ON TENSILE PROPERTIES 

Tenacity Modulus 
(arams/denierl Elonaation (ara~/denier} 

Unstretched 0.31 CJDd 19% 18 qpd 
2x draw at 56°C 0.76 and 28% 29 aod 
3x draw at 56°C 0.62 and 9% 20 aod 

Exp.MPLE 4 
MELTING BEHAVIOR OF ZEIN HYDRATE 

This experiment was conducted to determine the 
melting behavior of zein hydrate. 5.0 grams of zein and 
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5.0 grams of distilled water were blended and then 

kneaded at 40-44°C into dough-like consistency. Thermal 

analysis was carried out using a Differential Scanning 

Calorimeter (T. A. Instruments, DSC Model 2910, New 

5 Castle, DE) and showed a melting range of about of 46°c 

to about 75°C. See Figure 2. 

EXAMPLE 5 

DRAWING OF ZEIN FIBERS 
Hydrated zein was similarly prepared as in 

10 Example 2 except at a temperature of 40°C. Formed 

fibers, over 12 inches long, were started in 55°C water 

and completed outside of the water bath. The filaments 

were first taped down on their ends on plastic films to 

avoid shrinkage and treated for 24 hours in an aqueous 

15 solution containing only 3% formaldehyde while another 

set of filaments were treated in an aqueous solution 

containing 3% formaldehyde and 7.6% sodium chloride. 

The treated filaments were then drawn in 80°C water. 

The sample treated in the sodium chloride/formaldehyde 

20 bath was drawn only about 2-3x and had 

Tenacity/Elongation/Modulus=0.25 gpd/71%/9 gpd. The 

sample treated in the formaldehyde bath without sodium 

chloride was drawn 5x at 56°C to 88°C to study the 

effect of drawing temperature. Measured fiber 

25 properties indicate that drawing temperature in the 

range studied has little effect on tensile properties 

(0.44 gpd/28%/20 gpd versus 0.36 gpd/77%/20 gpd for 

undrawn, for tenacity, elongation, modulus, 

respectively) other than reducing filament denier. Best 

30 sample properties were Tenacity=l.01 gpd, Elongation=25% 

and Modulus=48 gpd. 

EXAMPLE 6 
EFFECT OF FORMALDEHYDE TREATMENT TIME 

The effect of formaldehyde treatment time is shown 

35 by this example. Zein fibers prepared in Example 5 were 
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15 

treated in an aqueous solvent containing 3% formaldehyde 
from 1 hour to 18 hours and then drawn in 84°C water. 
The results are: 

I!J3LE lY 
EFFECT OF FORMALDEHYDE TREATMENT TIME 

TREATMENT TIME (HRS) IN B4°C WATER 

0 (Control) Melted 

1.0 Intact. but weak 

2.0 Intact; drawn 15x 

4.0 Intact; drawn 18x 

8.0 Intact; drawn 7x 

18.0 Intact· drawn 4-Sx 

EXAMPLE 7 
TEMPERATURE/DENATURATION OF ZEIN HYDRATE RELATIONSHIP 

This example shows the effect of time and 
temperature on the denaturation of zein hydrate and its 
loss of fiber drawing properties. Zein hydrate was 
prepared as in Example 5, then placed in a constant 

10 temperature bath and monitored as to its fiber forming 
capability. The results are shown in Table V. 

TABLE Y 
TIME TO DENATURE 

Temoerature oc Time to Denature 

60 < 40 minutee 

70 < 17 minutes 

80 < 15 minutes 

EXAMPLE 8 
SPINNING - IWIN SCREW MELI EXTRUDER 

A zein hydrate polymer feed, with a composition of 
15 55% zein, 36% water and 9.0% propylene glycol was 

prepared in batches with each batch prepared as follows: 
200 g of zein was weighed into a stainless steel bowl. 
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While being mixed at the slowest speed setting in a 
"Sunbeam" mixer, 164 g of cold 20% propylene glycol 
solution, prepared using ice water, were sprayed into 

the zein. The components were mixed for another 
5 5 minutes and then stored in a polyethylene container, 

immersed in ice water. Keeping the mixture cold 
prevented the particles from sticking together. The 
zein hydrate polymer feed was manually fed into the feed 
hopper of a twin screw extruder (Model ZSK-30 available 

10 from Werner-Pfleiderer Corp., 663 East Crescent Ave., 
Ramsey, NJ) maintained at a constant temperature of 45°C 
except for the first two zones, which were not heated. 
Spinning was accomplished using a 34 holes/25 mil 
spinneret with a length to diameter ratio of 4. Bobbins 

15 of multi-filament yarn were collected at 16 m/min. 
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What is clPimed is: 

1. A process for producing zein fibers, 
comprising the steps of: 

(a) mixing zein with water at a temperature 
5 of 0°C to ambient; 

10 

(b) heating the mixture to a temperature of 
about 45°C to about 80°C to form a zein hydrate melt; 

(c) forming the zein hydrate melt into zein 
fibers; 

(d) treating said fibers with a stabilizing 
solution; and 

(e) optionally, drawing said fibers. 
2. The 

zein is mixed 

process of Claim 1 wherein in step {a) the 
with water at a temperature of about 0° to 

15 about 18°C to form a free-flowing particulate mixture. 
3. The process of Claim 1 wherein step {c) occurs 

at a temperature of about 55°C to about 63°C. 
4. The process of Claim 2 wherein steps (b) and 

(c) comprise extruding the zein hydrate melt through a 
20 spinneret using an extruder having a plurality of zones, 

the initial zones of said extruder having an ambient 
temperature and the latter zones having a temperature of 
about 40°C to about 50°C. 

5. The process of Claim 1 wherein in step (a) the 
25 zein comprises about 50% to about 70% by weight of the 

zein/water mixture. 

6. The process of Claim 1 further comprising 
adding about 10% to about 15% by weight of a plasticizer 
to the mixture in part (a). 

30 7. The process of Claim 6 wherein the plasticizer 
is selected from the group consisting of: propylene 
glycol, and polyethylene glycol having a molecular 
weight below about 600. 

8. The process of Claim 1 wherein the stabilizing 
35 solution comprises formaldehyde. 
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9. The process of Claim 1 wherein step (e) occurs 
subsequent to step (d) and the fibers are drawn at a 
draw ratio greater than about 2. 
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EXPRESSION OF GLOBIN PROTEINS IN PLANTS 

1. INTRODUCTION 

The present invention relates to genetic-engineering of plants for enhanced 

5 oxygen assimilation and utilization. More particularly, this invention relates to 

producing transgenic plants engineered to express oxygen-binding proteins, 

particularly globins such as, for example, hemoglobin, myoglobin, and 

hemoproteins. The engineered plants may be used to achieve quicker germination, 

faster growing or maturing crops, higher crop yields and/or plants with higher 

10 levels of desired plant metabolites, particularly alkaloids. 

2. BACKGROUND OF THE INVENTION 

Genetic engineering of plants through transgenic approaches has rapidly 

become a diverse and promising field. Transformation techniques are applied both 

15 to study plant development and physiology, and in attempts to generate plants with 

advantageous agricultural properties. 

For example, much effort has focused on improving crop production by 

transforming plants with herbicide or pesticide resistance genes. When grown 

under field conditions, the resulting transgenic plants can tolerate and survive 

20 applications of herbicides or pesticides which would destroy non-transformed 

plants. Alternatively, plants themselves have been genetically engineered to 

express products which are shown to act as natural insecticides such as Bacillus 

thuringensis toxin proteins (see U.S. Patent No. 5,380,831, issued Jan. 10, 1995). 

Genetic engineering has also been attempted to generate plants with altered 

25 compositions of primary metabolites such as starch, sugar, and oils. For example, 

a bacterial levan sucrase gene was transformed into plants to increase levels of 

fructans in the resulting transformant. In another approach, the activity of certain 

enzymes involved in the metabolic synthesis of oils has been decreased using 

antisense technology in order to design vegetable oils exhibiting the desired 

30 properties. (Reviewed in Knauf, 1995, Curr. Opin. Biotech. ,6: 165-70). 

In addition to attempts to alter primary metabolic compositions of plants 

(i.e. carbohydrates, oils, amino acids and proteins), it would also be desirable to 

alter secondary metabolite compositions. Secondary metabolites are those 

specialized plant products required by cells in small amounts (e.g. hormones), or 
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are highly specialized biomolecules (e.g. nucleotides, pigments, toxins, antibiotics, 
and alkaloids). Generally, secondary metabolites can be defined as compounds that 
have no recognized role in the maintenance of fundamental life processes of the 
cell, but which may perform other advantageous functions for the organism as a 

5 whole. (See for example, Bell, 1981, "The Physiological Role(s) of Secondary 
(Natural) Products" in The Biochemistry of Plants, v. 7, p. 1, Academic Press, 
Inc.) 

The production of useful secondary metabolites from plants and plant cell 
cultures is an important aspect of plant technology. About 25 % of the prescription 

10 drugs used in the industrialized world contain ingredients extracted from higher 

plants (Tyler, V.E., 1988, Planta Med. ~:95-100). The most prominent group of 
plant substances used in medicine are the alkaloids (Nickell, L. G., 1980, 
"Products," Plant tissue culture as a source of biochemicals, Staba, E.J., Ed., 
Boca Raton, CRC Press Inc., 235-269). Alkaloids are secondary metabolites 

15 which protect plants against phytophagocytosis by higher organisms or invasion by 
pathogens (Robins, R.J. et al., 1991, Planta Med. 57:27-35). Plant alkaloids are 
generally derived from simple amino acids that interact with acetate and terpenoid 
units and undergo aromatic hydroxylations (Robins, supra). Examples of plant 
alkaloids are nicotine, scopolamine, hyoscyamine, ajmalicine, serpentine, piperine, 

20 leucenol, mimosine, ricinine, pelletierine, cocaine, hygrine, lupinine and 

anagynne. 

Several examples of introducing a new metabolic pathway or redirecting 
previously existing ones to increase production of secondary metabolites have been 
described (Bailey, supra; Berlin, J. et al., 1994, Stud. Plant Sci. 1:57-81; Lilius, 

25 G., Holmberg, N. and Bulow, L., 1996, Bio/Technology 11::177-180). However, 
apparently all of these genetic engineering approaches entail either the up­

regulation of a limiting enzyme in the pathway (for example through transformation 
and expression of the cloned gene), or the down-regulation of competing enzymatic 
pathways (for example through anti-sense technology). (See for review, Robins et 

30 al., 1991, Planta. Med. 51:27-35.) 

Plant cell suspension cultures have often been used for industrial production 
of plant secondary metabolites. During in virro culture, a critical parameter 
influencing secondary metabolite formation, especially in scale-up cultures, is the 
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level of dissolved oxygen. For instance, it has been demonstrated that a high 

dissolved oxygen concentration promotes the production of ajmalicine in 

Catharanrus roseus batch cultures (Schaltmann, J.E. er al. , 1995, Biotech. 

Bioeng. 45 :435-439). Similarly, increased alkaloid levels with increasing aeration 

5 have been observed in Berberis wilsonae (Breuling, M. et al., 1985, Plant Cell 

Rep . .4,:220-223). From these results it has been suggested that oxygen is a 

limiting substrate in plant tissue culture secondary metabolism, as well as for 

primary metabolism, especially for industrial scale-up processes. However, this 

need for increased oxygen has always been thought to be a need for extracellular 

10 oxygen during fermentation batch processes. 

Aerobic metabolism has been successfully enhanced in fermentation 

microorganisms and cultured mammalian cells by engineering the host to express 

the Vitreoscilla hemoglobin gene (VHb) (Khosla, C., Bailey, J.E., 1988, Nature 

331:633-635; Khosla, C., Bailey, J.E., 1988, Mo!. Gen. Genet. 214:158-161; 

15 DeModena, supra; Chen, W. et al., 1994, Biotechnol. Prog. 10:308-313; Pendse, 

G .J. and Bailey, J.E., 1994, Biotechnol. Bioeng. 44: 1367-1370). This metabolic 

engineering strategy has been shown effective, for example, in increasing total cell 

protein synthesis by oxygen-limited Escherichia coli (Khosla, C. el al., 1990, 

Bio/Technology 8:849-853 and U.S. Patent No. 5,049,493, issued Sept. 17, 1991), 

20 improving lysine yield and titer in cultivations of Cmynebacrerium g!uramicum 

(Sander, F. et al., 1994, Proc. 6th Eur. Congress Biotechnol., Alberghina, L., 

Frontali, L. and Sensi, P. (eds.) Elsevier Science B.V., Amsterdam 607-610), and 

in increasing actinorhodin and cephalosporin C production in Srrepromyces 

coelico!or and Acremonium chrysogenum, respectively (Magnolo, S.K. er al., 

25 1991, Bio/Technology 2:473-476; DeModena, J.A. et al., 1993, Bio/Technology 

11:926-929). 

Hemoglobin and globin-like proteins exist ubiquitously in mammals, and are 

less frequently found in plants. The few plant hemoglobin-like molecules 

described, which include lupin and soybean leghemoglobin, are largely thought to 

30 be associated with nitrogen-fixation activities of these plants, although some 

researchers claim that hemoglobin-like proteins occur in the roots of all plants. 

However, in no case have these proteins been overexpressed in plants. Although 

several major plant metabolic pathways are known to be oxygen-dependent, 
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including chlorophyll and heme biosynthesis, fatty acid desaturation and cysteine, 
glycine and serine biosynthesis, oxygen has not been thought to be a limiting factor 
in metabolism in intact plants. Rather, the observed effects of dissolved oxygen on 
metabolism in plant tissue cultures has been attributed to mass transport problems 

5 during large-scale, or even batch culture, fermentations (see Schlatmann et al., 
1991, supra.). Thus, until the present invention, the advantages of altering useable 
levels of intracellular oxygen in intact plants have not been recognized. 

3. SUMMARY OF THE INVENTION 
10 The present invention is directed to the generation of plants with improved 

agronomic or medicinal characteristics by metaholically engineering an increased 
intracellular oxygen level or increased utilization of oxygen. Such engineered 
plants display enhanced production of valuable secondary metabolites, in particular 
those metabolites which are synthesized by oxygen-dependent pathways, as we1l as 

15 other unexpected and valuable properties such as more rapid germination, higher 
levels of chlorophyll, increased overall growth metabolism, and increased rate of 
accumulation of biomass. 

The invention encompasses both genetically engineered plants and methods 
of producing the same. Therefore, in one of its embodiments, the invention 

20 encompasses a method of metabolically engineering plants by increasing 

intracellular levels of oxygen or intracellular utilization of oxygen. The invention 
includes a method of producing a plant with an improved agronomic or medicinal 
characteristic by transforming the plant with polynucleotides encoding an oxygen­
binding protein. Particularly preferred oxygen-binding proteins are globins, which 

25 reversibly bind oxygen through a heme group. In an exemplary embodiment, the 
oxygen-binding protein is Vitreoscilla hemoglobin. Preferably, the polynucleotides 
encoding the oxygen-binding protein are operably linked to a strong, constitutively 
expressed plant promoter, for example, the CaMV 35S promoter. Another aspect 
of the invention is a plant or plant cell which has been genetically engineered by 

30 the methods of the invention. The invention encompasses plants and plant cells 
which are both dicotyledons and monocotyledons. 

Still another aspect of the invention is mutant Virreoscifla hemoglobin 
proteins, polynucleotides encoding the same, and host cells containing such mutant 
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proteins and polynucleotides. The host cells can be bacteria, plant, animal, fungi 

or algae. The invention also encompasses a method of generating polynucleotides 

encoding mutant Vi1reoscilla hemoglobin proteins. The method entails amplifying 

a polynucleotide that encodes Vitreoscilla hemoglobin protein using a low fidelity 

5 polymerase chain reaction, transforming the amplified polynucleotides into 

bacteria, and selecting bacteria that contain a polynucleotide sequence encoding the 

mutant Vitreoscilla hemoglobin protein. In a preferred aspect of this method, 

bacterial colonies containing mutant Vitreoscilla hemoglobin proteins are selected 

by virtue of their color phenotype. Polynucleotides encoding mutant Vitreoscilla 

10 hemoglobin proteins that are isolated by this method, as well as the mutant proteins 

themselves, and host cells containing such polynucleotides, are also within the 

scope of the present invention. 

15 

4. BRIEF DESCRIPTION OF THE FIGURES 

Figure l: FIG. lA. The last steps in the Nicotiana tabaccum biosynthesis 

of the secondary metabolites nicotine and anabasine. The reaction catalyzed by 

nicotine synthase, the oxygen-dependent enzyme catalyzing the conversion of 

nicotinic acid and N-methyl-.l' -pyrrolinium salt into nicotine, is labelled in bold. 

FIG. 1B. Oxygen-dependent steps in chlorophyll and heme biosynthesis in plants. 

20 The last oxidation of chlorophyll a to chlorophyll b has only been observed in vitro 

(Scheer, H. (ed.), 1991, Chlorophylls CRC Press, Boca Raton, FL, USA 421-

425). 

Figure 2. Construction of the Ti-expression vector containing the 

Virreoscilla VHb gene using PCR. The gene was placed under control of the 

25 CaMV 35S promoter and transcription termination was achieved by the NOS 

region. The approximate positions of the PCR primers are indicated by solid 

arrows. Right and left border of the T-DNA are indicated by RB and LB, 

respectively. NOS-prom, NPT II and NOS are abbreviations for the nopaline 

synthase promoter, the neomycine phosphotransferase II gene, and the nopaline 

30 synthase 3' transcription termination region, respective! y. 

Fi~ure 3. Dried weight measurements at different time intervals are shown 

as mean values. Bars correspond to the standard error. The data from the first 

two time points (15 and 20 days) correspond to 12 plants but weighed in triplets, 
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and the data from the last two time points are from 8 plants individually weighed. 

This experiment was duplicated and the data points were subjected to statistical 

analysis using one-way analysis of variance (ANOVA). 

Figure 4. Nicotine and anabasine production in the transgenic lines, He3 

5 and He4, and a wild-type line. The nicotine concentrations are given µgig fresh 

weight and the anabasine concentrations as µ.gig freeze-dried plant. The nicotine 

and anabasine concentrations were measured in eight plants and six plants, 

respectively. All measurements were performed in duplicate, with the standard 

deviations being less than 1 % and 25 % , respectively. 

10 Figure 5. The chlorophyll contents in the two transgenic tobacco lines and 

a wild-type control measured as µg chlorophyll/ml x mg fresh weight. The bars 

represent the mean values of 18 plants. The standard errors of the mean were less 

than 10%, 8% and 5% for wild-type tobacco, Hc3 and He4, respectively. 

Figure 6. Schematic map of the pUC derivative plasmid pJFK2 used for 

15 transformation of rice. 

5. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to metabolic genetic engineering by effectively 

20 increasing the intracellular level of available oxygen in plants. The invention is 

based, in part. on the discovery that transforming plants so as to express oxygen­

binding proteins, and in particular heme-containing globins, improves the 

properties of the transformed plants in unexpected ways. The resulting plants 

produce higher levels of secondary metabolites whose production is oxygen 

25 sensitive. Surprisingly, however, these genetically engineered plants also exhibit 

better growth characteristics, more rapid germination, and improved vegetative 

yield. Without intending to be limited to a particular mechanism, it is believed 

that these surprising results are due to either an increased level of intracellular 

oxygen, or an increased efficiency in intracellular oxygen utilization. 

30 Accordingly, the targets for engineering are genes encoding proteins 

involved in binding oxygen, particularly those which bind oxygen reversibly such 

as the globins. The target genes include, but are not limited to, those encoding 

Vitreoscilla hemoglobin (VHb), horse heart myoglobin, E. coli hemoprotein, B. 
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subtilis hemoprotein, yeast flavohemoglobin, soybean leghemoglobin, lupin 

leghemoglobin, and sperm whale myoglobin. In fact, an engineered increased 

expression of any endogenous plant hemoglobin is also within the scope of the 

invention. 

5 Particularly suitable for use in the present invention are those oxygen-

binding proteins which have relatively high k
0
.ff rates such as VHb (k0ff 5600 s·l; 

Orii and Webster, 1986, J. Biol. Chem. 261:3544-3547) or relatively low oxygen 

affinity such as horse heart myoglobin (K0 0.79 µM; Wittenberg et al., 1985, in 

Nitrogen fixation research pro~ress, H.J. Evand et al. Eds. Martinus Nijhoff 

10 Publishers , Dordrecht, p. 354). Therefore, particularly preferred oxygen binding 

proteins may be those proteins with a k
0.ff rate for oxygen of greater than 10 s· 1, or 

a K0 less than 0.5 µM, although it will be understood that oxygen-binding proteins 

with rate constants outside of these parameters will also be useful. Other examples 

of preferred oxygen-binding proteins are globins such as hemoglobin, myoglobin, 

15 and leghemoglobins. The properties of many oxygen-binding proteins, including 

globins, are disclosed in the literature. Additionally, techniques for determining 

the oxygen-binding properties of a protein such as a globin are well known to one 

of skill in the art and may be performed without undue experimentation. 

A particularly advantageous oxygen-binding protein for use in the instant 

20 invention, as described herein by way of working example, is Vitreoscil/a 
hemoglobin ("VHb"). The complete sequence of the VHb gene is described in 

U.S. Patent No. 5,049,493, supra. Mutants of VHb which bind oxygen are also 

within the scope of the present invention. As described more fully below by way 

of a working example, genes encoding functional mutants of VHb are generated 

25 through PCR mutagenesis, and then tested in a simple phenotypic screen for their 

ability to bind oxygen. Using these techniques, several VHb mutants have been 

obtained for use in the present invention. 

Also encompassed within the scope of the invention are any nucleotide 

sequence which hybridizes to the complement of the nucleotide sequence of the 

30 VHb gene under highly stringent conditions, e.g., hybridization to filter-bound 

DNA in 0.5 M NaHP04 , 7% sodium dodecyl sulfate (SDS), 1 mM EDTA at 

65°C, and washing in 0.lxSSC/0.1% SDS at 68°C (Ausubel F.M. et al., eds., 

1989, Current Protocols in Molecular Biology, Vol. I, Green Publishing 
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Associates, Inc., and John Wiley & sons, Inc., New York, at p. 2.10.3) and 

encodes a functionally equivalent gene product; and any nucleotide sequence that 

hybridizes to the complement of the nucleotide sequence of the VHb gene under 

less stringent conditions, such as moderately stringent conditions, e.g., washing in 

5 0.2xSSC/0.1 % SDS at 42°C (Ausubel et al., 1989, supra), yet which still encodes 

a functionally equivalent Vhb gene product. Functional equivalents of VHb include 

naturally occurring hemoglobin genes present in other species, and mutant VHb 

whether naturally occurring or engineered which retain at least some of the 

functional activity of VHb (i.e., reversible oxygen binding). Species from which 

10 genes encoding functional equivalents of VHb include but are not limited to 

bacterial species, and in particular those bacterial species found in soil, dung, and 

in other oxygen-accessible, but poorly aerated, environments. 

Furthermore, using the teachings of the present invention one of skill in the 

art can also isolate genes encoding other bacterial proteins which reversibly bind 

15 oxygen through a heme group without relying upon sequence homology with 

known proteins. For example, one may isolate and culture a bacterial organism, 
prepare genomic DNA from the cultured bacteria, and then construct an expression 

library with the DNA in £. coli using well known techniques. The expression 

library is plated to obtain isolated colonies. Those E. coli colonies carrying 

20 plasmids which expresses an oxygen-binding heme protein may be identified 

phenotypically by their red color. The expression library DNA clones encoding 

oxygen-binding proteins may be further characterized and subcloned into plant 

expression vectors. The expression of such oxygen-binding heme proteins in plants 

is accordingly encompassed by the invention. 

25 The invention also encompasses degenerate variants of nucleotide sequences 

which encode the amino acid sequence of the VHb protein, VHb mutants, and 

functional equivalents of VHb encoded by nucleotide sequences which hybridize to 

the complement of the nucleotide sequence of the VHb gene. For example, the 

nucleotide sequence may be altered so as to optimize amino acid codon usage for 

30 expression in the chosen host cell. 

The levels of oxygen-binding proteins can be altered or their expression can 

be enhanced or otherwise modified (e.g., ectopic expression or tissue specific 

expression) to engineer a plant with desirable properties. The engineering is 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 653 of 3341

W098/12913 PCT/US97/l 7246 

9 

accomplished by transforming plants with nucleic acid constructs described herein. 

The transformed plants or their progenies are screened for plants that express the 

desired protein or exhibit the desired altered expression of the oxygen-binding 

protein, altered expression of the corresponding mRNA, altered secondary 

5 metabolite levels, increased growth rate, enhanced vegetative yield and/or 

increased germination rate. 

Engineered plants exhibiting the desired physiological and/or agronomic 

changes can be used in plant breeding or directly in agricultural production. These 

plants having one altered protein also may be crossed with other altered plants 

10 engineered with alterations in other pathways (e.g., cross an oxygen-binding 

expressing plant to a plant which has been otherwise genetically engineered) to 

produce lines with even further enhanced physiological and/or agronomic 

properties compared to the parents. 

The invention is illustrated by working examples of plants engineered for 

15 expression of Vitreoscilla hemoglobin (VHb). In all instances, engineered plants 

that exhibit expression also show better growth characteristics, increased rate of 

seed germination, improved vegetative yield and/or enhanced levels of secondary 

metabolites over control, wild-type plants. 

The invention is based, in part, on the surprising discovery that 

20 transformation of plants with oxygen-binding proteins provides several advantages. 

Plants were transformed with expression plasmids encoding an oxygen-binding 

protein in an attempt to develop plants with increased drought tolerance. As a 

model system, Nicotiana tabaccum (tobacco) was first chosen to be transformed 

with expression constructs encoding the oxygen-binding protein Vitreoscilla 

25 hemoglobin (VHb). However, since there is an oxygen-dependent step in the 

nicotine biosynthesis pathway, the production of nicotine was examined. 

The VHb gene was introduced into Nicotian.a tabaccum (tobacco) via 

Agrobacterium mediated gene transfer. Transcription and translation of the VHb 

gene and message were demonstrated by reverse transcriptase PCR and Western 

30 immunoblot analysis, respectively. Transgenic tobacco plants expressing VHb 

exhibited on average 34 % greater nicotine content than wild-type controls. They 

also contained an altered distribution of nicotine relative to the less desirable 

alkaloid anabasine. Additional effects of VHb expression on the physiology of the 



Case No.: IPR2023-00209 
U.S. Patent No. 10,039,306

Motif Exhibit 1148, Page 654 of 3341

WO 98/12913 PCT/US97/l 7246 

transgenic tobacco plants were also noted; these plants contained on average 10-
20 % more chlorophyll than controls. Moreover, the plants germinated more 
quickly and exhibited a more rapid rate of dry weight increase. Thus, engineering 
of plants to express additional oxygen-binding proteins not only produced increased 

5 alkaloid levels and altered distributions of alkaloids, but also enhanced plant 
growth. 

In yet another illustration of the advantages of the present invention, plants 
from the genus Darura were transformed with the same expression construct used 
to transform the tobacco plants. Datura is the major commercial source for 

10 production of the secondary metabolites scopolamine and hyoscyamine, which are 
used as sedatives and as starting material for semisynthetic derivatives of these 
metabolites. Surprisingly, scopolamine and hyoscyamine levels in the transgenic 
plants were increased as much as 5 to 6 fold over levels found in non-transformed 
plants. 

15 In still another illustration of the invention, plants from the genus Oryzae 
were transformed by the ballistic method with a polynucleotide construct that 
directs the expression of the VHb hemoglobin gene. Thus, the present invention is 
generally applicable for altering the oxygen utilization in all plant types in order to 
obtain plant varieties with advantageous medicinal and agronomic qualities. For 

20 example, plants which germinate more quickly and accumulate biomass more 
rapidly will find particular application in agricultural environments where arable 
land and/or the length of growing season are limiting factors to production. Even 
a small increase in biomass production and/or rate of growth can prove significant. 
Additionally, the increased levels of economically important secondary metabolites 

25 may enable production of metabolites from previously economically unfeasible 
plant sources. 

Further, the invention encompasses a method of generating polynucleotides 
encoding mutant Vitreoscilla hemoglobin proteins. The method entails amplifying 
a polynucleotide that encodes Vitreoscilla hemoglobin protein using a low fidelity 

30 polymerase chain reaction, transforming the amplified polynucleotides into 
bacteria, and selecting bacteria that contain a polynucleotide sequence encoding the 
mutant Vitreoscilla hemoglobin protein. In a preferred aspect of this method, 

bacterial colonies containing mutant Vitreoscilla hemoglobin proteins are selected 
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by virtue of their color phenotype; a red or pink color indicates that the bacteria 

express an oxygen-binding heme protein. Polynucleotides encoding mutant 

Virreoscilla hemoglobin proteins that are isolated by this method, as well as the 

mutant proteins themselves, and host cells containing such polynucleotides, are 

5 within the scope of the present invention. The host cells can be bacteria, plant, 

animal, fungi or algae. Such mutant Vitreoscilla hemoglobin proteins are useful in 

any number of applications for which wild-type Vitreoscil!a hemoglobin proteins 

are advantageous, including but not limited to increasing cell growth and increasing 

cell production. 

5.1. PRODUCTION OF TRANSGENIC PLANTS 

According to the present invention, a desirable plant or plant cell may be 

obtained by transforming a plant cell with the nucleic acid encoding an oxygen­

binding protein, particularly a globin, and in one embodiment VHb, as described 

15 herein. In some instances, it may be desirable to engineer a plant with several 

different gene constructs. Such engineering may be accomplished by transforming 

a plant or plant cell with all of the desired gene constructs simultaneously. 

Alternatively, the engineering may be carried out sequentially. That is, 

transforming with one gene construct, obtaining the desired transformant after 

20 selection and screening, transforming the transformant with a second gene 

construct, and so on. 

In an embodiment of the present invention, Agrobacterium is employed to 
introduce the gene constructs into plants. Such transformations preferably use 

binary Agrobacterium T-DNA vectors (Bevan, 1984, Nuc. Acid Res. 12:8711-

25 8721), and the co-cultivation procedure (Horsch et al., 1985, Science 227:1229-

123 I). Generally, the Agrobacrerium transformation system is used to engineer 

dicotyledonous plants (Bevan et al., 1982, Ann. Rev. Genet. 1.Q:357-384; Rogers 
et al., 1986, Methods Enzymol. 118:627-641) The Agrobacterium transformation 

system may also be used to transform, as well as transfer, DNA to 

30 monocotyledonous plants and plant cells (see Hernalsteen et al., 1984, EMBO J . 
.3.:3039-3041; Hooykass-Van Slogteren et al., 1984, Nature 311:763-764; Grimsley 

et al., 1987, Nature 325:1677-179; Boulton et al., 1989, Plant Mo!. Biol. 12:31-

40; Gould et al., 1991, Plant Physiol. 95:426-434). 
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In other embodiments, various alternative methods for introducing 

recombinant nucleic acif; constructs into plants and plant cells may also be utilized. 

These other methods are particularly useful where the target is a monocotyledonous 

plant. Alternative gene transfer and transformation methods include, but are not 

5 limited to, protoplast transformation through calcium-, polyethylene glycol (PEG)­

or electroporation-mediated uptake of naked DNA (see Paszkowski et al., 1984, 

EMBO J 3:2717-2722, Potrykus et al., 1985, Mol. Gen. Genet. 199:169-177; 

Fromm et al., 1985, Proc. Natl. Acad. Sci. USA 82:5824-5828; Shimamoto, 1989, 
Nature 338:274-276) and electroporation of plant tissues (D'Halluin et al., 1992, 

10 Plant Cell 4: 1495-1505). Additional methods for plant cell transformation include 

microinjection, silicon carbide mediated DNA uptake (Kaeppler et al., 1990, Plant 

Cell Reporter 9:415-418), and microprojectile bombardment (see Klein et al., 

1988, Proc. Natl. Acad. Sci. USA 85:4305-4309; Gordon-Kamm et al., 1990, 

Plant Cell 2:603-618). 

15 According to the present invention, a wide variety of plants may be 

engineered for the desired physiological and agronomic characteristics described 

herein using nucleic acid constructs encoding oxygen-binding proteins and the 

various transformation methods mentioned above. Target plants for engineering 

include, but are not limited to, those of tobacco, Datura, maize, wheat, rice, 

20 soybean, tomato, carrots, peanut, potato, sugar beets, sunflower, yam, 

Arabidopsis, rape seed, petunia and other ornamental flowers, turfgrass, barley, 

alfalfa, potato, cassava, sweet potato, lettuce, sugar cane, fruit trees (e.g. cherry, 

apple, peach, pear, plum, orange, lemon), nut trees (e.g. walnut, almond), banana, 

peanut, strawberry, cauliflower, artichoke, cucumber, melon, grape, pepper, 

25 cabbage, endive, leek, lettuce, spinach, arrowroot, radish, bean and pea. 

According to the present invention, desired plants may be obtained by 

engineering the gene constructs described herein into a variety of plant cell types, 

including but not limited to, protoplasts, tissue culture cells, tissue and organ 

explants, pollen, embryos as well as whole plants. In an embodiment of the 

30 present invention, the engineered plant material is selected or screened for 

transformants (i.e., those that have incorporated or integrated the introduced gene 

construct(s)) following the approaches and methods described below. An isolated 

transformant may then be regenerated into a plant. Alternatively, the engineered 




